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PA6E 1

TABLE 1
SUHHIT NATIONAL SHE
ONSITE SOIL SAKPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Saiplc Nuicer:
Saiple Type:

Date Sup led:
OIR Nuiber:
OTR Nuiber:
1TR Nuiber:

SL00100I SL00200I SL003001 SL004001 SL005001
Surface Surface Surface Surface Surface
11/04/84 11/07/84 11/07/64 11/07/84 11/07/84
E974I £9742 E9743 E9744 E9745

SL.006001 SL007001 SLOOB001 SL00900I SLOIOOOI RS000001 SLOI100I
Surface Surface Surface Surface Surface Blank Surface
11/07/B4 11/07/84 11/07/84 11/07/84 11/07/84 11/07/84 11/07/84
E9746 £1747 E974B E9749 E9750 E9751 E9752

SL012001 SLOI3001 SL014001 SL015001 SL016001 SIOI7001 SLOI800I
Surface Surface Surface Surface Surface Surface Surface
11/07/84 11/08/84 11/08/84 11/08/84 11/08/84 11/OB/B4 11/08/84
£1753 E9754 E9755 E9756 E9757 E975B E9759

NEA249 I1EA250 HEA25I HEA252 HEA253 HEA254 HEA255 hEA256 KEA257 MEA258 HEA259 WA260 NEA241 HEA212 NEA243 HEA264 «EA2t5 HEA266 MA267

OS6AN1C CORPDUNDS
ll<lilfllli

VQLATILES

CHIOROHEIHANE
VINYL CHLOK1DE
HETHYLENE CHLORIDE
ACETONE
CARBON D1SULF1DE
1,1-DICHLOROETHENf
1,1-DlOtLOROETHANE
TRANS-1,2-DICHLDROETH£NE
CHLDROFOIHI
1,2-tICHLDROETNAW
2-BUTANONE
1,1,1-TRICHLOROETHANE
1,1,2,2-TETROLORDETHANE
TRICHLOROETHENE
1,1,2-TRICHtOROETHANE
BENZENE
2-HEIANONE
4-HEIHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHIDAOBENZENE
EIHVLBENZENE
STYRENE
TOTAL IVLENES

TOTAL VOLATILES
============:=i=s=======s=:=======s========i==

TOTAl TENTATIVELY IDENTIFIED
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PAGE 3

IABLE 1
S'JIWIT NATIONAL SUE
ONSIIE SOIL SAMPLE RESULTS
KEHED1AL 1NVESII6AIIBN REPORT

Suple Nuiber: SL001001 SL002001 SL00300I SL00400I SL005001 SL006001 SL007001 SL008001 SL 009 001 SL01000I R500000I SLOI1001 SL012001 5L01J001 SLO 14001 SL015001 SLOliOOl S1017001 SL01B001
Saiple lype: Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Blank Surface Surface Surface Surface Surface Surface Surface Surface

Date Saipled: 11/06/84 11/07/84 11/07/64 11/07/84 11/07/84 1U07/B4 11/07/64 11/07/84 11/07/B4 11/07/B4 11/67/84 11/07/64 11/07/84 11/OB/B4 11/08/84 II/08/B4 11/08/84 11/08/64 11/08/84
OTR Nuiber: E9741 £9742 E9743 E9744 £9745 E974i £9747 £9748 £9749 £9750 £9751 E9752 £9753 £9754 £9755 £9756 £9757 E9758 £9759
OTR Nuiber:
1TR Nuiber: HEA249 KEA250 HEA251 HEA252 HEA253 KEA254 NEA255 NEA254 NEA257 NEA258 HEA259 HEA2tO HEA261 NEA262 NEA263 HEA2i4 NEA215 NEA2I>6 KEA267

lll<llllllll>lll>lllll«lllll>ittlllllUIIIIIIlllllllllllll<llllll<llllt<l<IIIIIIIIU<«lllllll<l<<ll)ll<ll<lll<lllll<illllll<illll<llllllllllfll<llllllllflllllll<ll<ll><fll>lll<<<>ll>>l>>i<ll>lllll>lll>«ll»<l<>l>llll'l<>l

PESTICIDES and PCBs

ALPHA-BHC
BETA-BHC
DELTA-BHC
6AIWA-BHC ILINDANE)
HEPTACHLDR
ALDRIN
HEPTACHlOf) EfOllK
ENDOSUIFAN 1
DIELDR1N
4,4-DOE
ENtRIN
4,4-M!
TfJIAPHftt
AROCHLORM232
ARDCHLOR-1242
ARDCHIOR-124B
AROCHLOR-1254
K1REI

TOTAL PESTICIDES and PCBs

tttimMtttltllltltlllttltlltttllUtMUIIIM

PERCENT nDISTUKE IVOLATILES)

ss=ss=ss=
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TUPLE 1
5UMr.II NATIONAL SITE
QNSITE SOIL SANPLE RESULTS
RtHEDIAL INVESTI6ATION REPCDT

PAGE 1

Sample Number: SL001001
Sample Type: Surface

Date Sampled: 11/06/B4
OtR Number: E9741
OTR Number:
ITR Number: NEA249

SL002001 SL003001 SL00400I SL005001
Surface Surface Surface Surface
11/07/84 11/07/84 11/07/84 11/07/84
E9742 £9743 £9744 E9745

SL00600I SL00700I SLOOB001 SL009001 SL01000I RSOOOOOl SL011001
Surface Surface Surface Surface Surface Blank Surface
11/07/84 11/07/84 11/07/84 11/07/84 11/07/84 11/07/84 11/07/84
£9744 E9747 E9748 E9749 E9750 E9751 E9752

SL01200I SL01300I SLOI400I SLOI500I SL014001 SLOI7001 SL01800I
Surface Surfaci Surface Surface Surface Surface Surface
11/07/84 11/08/84 11/08/84 11/08/84 '11/08/84 11/08/84 11/08/84
E9753 E9754 £9755 £9754 E9757 E9758 £9759

MEA250 HEA251 KA252 NEA253 MEA254 HEA255 MEA254 KA257 MEA258 NEA259 MEA260 MEA24I MEA242 HEA243 KEA264 MCA245 BEA244 MEA247

INORGANIC COMPOUNDS (units) HE/KG DRV HEIGHT

ALUMINUM 77B3
ANTIMONY
ARSENIC 20 R
BARIUM (741 R
BERYLLIUM
CADHIUN
CALCIUM (25841
CHROMIUM 25 R
COBALT (181 R
COPPER 34
IRON 43444
LEAD 19 R
CYANIDE
MAGNESIUM [28491
NAN6ANESE 247 R,E
MERCURY .24
NICKEL 27 R
POTASSIUM (1539)
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM (31) R
1INC 105 R
IIIIIIIIIIIIIIIIIIIIIIIIIIKHIilllllfllllllllllllllHI

PERCENT MOISTURE
PERCENT SOLIDS 77.B

FOOTNOTES

7205

12 R
(54) R

(14571
18 R

31
38752
43 R

(19401
155 R,E

.47
(171 R
(18041

(301 R
44 R

Hlillll

9B22

11 R
(91) R

(8441
22 R

(151 R
18

29449
M R

(1897)
412 R,E

.39
(171 R

34 R
41 R

ftttlllt

8452

9.B R
IB11 R

(2134)
23 R

(201 R
14

29251
19 R

(2449)
483 R,E

.17
(22) R
(740)

31 R
98R

Httmt

4380

(1121

7.8 R
38029
23 R

(151 R
24

39098
23 R

(28921
483 R,E

.22
34 R
(8441

(25) R
507 R

iiiiiim

80.5 1 81.4 i 84.8 ', 83.7

7377

(111) R

3.0 R
5744
13 R

(151 R
25

31072
17 R

(2623)
384 R,E

.33
28 R

(10071

(221 R
99R

Itlllifl

83.5

8434

14 R
134 R

(24401
17 R

(20) R
31

24401
19 R

(24041
217 R,E

0.5
43 R
(9701

(281 R
123 R

fffitfiff

78.1

14808

(1031 R

(13871
25R

24
32584
95R

(25401
194 R,E

.31
(22) R
(14321

38 R
137 R

liiiiiii

75.4

7028

28 R
(471 R

3.5 R
(20841
23 R

22
37021
44 R

(18891
207 R,E

.19
(211 R
(18741

(231 R
200 R

Mfltftf

13028

24 R
(112) R

3.2 R
4139
28R

(15) R
28

3«57
23S«R

3887
543 R,E

.18
38R

(22871

33 R
117 R

iiiftiif

79.4 1 84.7

184

(492)
5.0 R

122

(12591

(141 R
(5) R

IIIIIIK

99.4

10859

23 R
(109) R

3.0 R
7910
25 R

(15) R
23

38225
24 R
.92
4450

553 R,E
.17

41 R
(1444)

30 R
152 R

lififiiiii

87.3

4029

19 R
(91) R

4.3 R
7049
10 R

19
30058
14 R
.78

(2332)
193 R,E

.33
(21) R
(12291

(211 R
127 R

liiiiiii

66. 5

13044

(871 R

(24131
14 R

(201 R
(151
28973
10 R

4258
847 R,E

.14
42 R

(11331

(251 R
47 R

liiiiiii

11494

158 R

10333
18 R

(151 R
2»

31540
17 R

4471
435 R,E

40 R
(18111

(271 R
145 R

liiiiiii

3029

10 R
(511 R

(28191
10 R

(71
11489
15 R

(8581
48 R,E

.34

(141 R
32 R

liiiiiii

9965

(351 R
120 R

15532
20 R

18
43649
54S+R

(24451
243 R,E

.27
24 R

(12601
8.2 R
5.8

30 R
107 R

lililill

4941

153 R

7845
14 R

(131
38361
17 R

(11431
88R.E

.42
(131 R
(1590)
3.0 R
(4.8)

(28) R
SO R

Illltlft

80.3 ! 84.0 1 84.3 1 B5.5 '. B3.3

8726

(301 R
(831 R

25549
14 R

(111
30178
24 R

(12081
114 R,E

.34
(121 R
(21401

(241 R
52 R

liiiiiii

84.0

B: Analyte has been found in the laboratory blank as mell as the sample. Indicates possible/probable contamination.
C: Applies to pesticide parameters there the identification has been confirmed by 6C/MS.
E: Value is estimated due to presence of interference.
J: An estimated value
R: Spike sample recovery is not nithin control limits.
S: Value is determined by standard addition.
i: Duplicate analysis is not mthin control limits.

ii: Samples aiuly'ed at mediun concentrations.
U: Positive values less than the contract required detection limit.



TARE 1
SUIW1T NATIONAL SITE
ONS1TE SOIL SAMPLE RESULTS
REMEDIAL INVEST16ATION REPORT

PA6E 4

Saipie Nuiber: SLOIBOOIdSLOHOOl SL02000I
Saipie Type: Surface Surface Surface

Date Saipled: 11/08/84 11/01/84 11/09/84
OTR Nuiber: E9760 E976I E1762
OTR Nuiber:
m Nuiber: HEA268 NEA261 MEA270

SL02IOOI SL022001 SR050001 SS02400I SS0250C1 SS026001 SS02600td SS02800I SS029001 SS030001 SS031001 SS03200I SSOS300! SS03400I SS035001 SS036001
Surface Surface Blank Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface
11/01/84 11/01/84 11/15/84 11/13/84 11/13/B4 11/13/84 11/IJ/B4 11/13/84 11/13/84 11/13/84 11/13/84 11/13/84 11/14/84 11/15/84 11/15/84 11/14/84
E1763 E9764 E9BI7 E1765 E9767 E9769 E1771 E1773 E1775 E97B1 £1777 E1771 E17B3 E17B5 E1787 E17B1

E181B £9766 E9768 E9770 E1772 E9774 E1776 E9782 E977B E1780 E17B4 E1786 E17BB E9790
MEA27I NEA272 MEA291 KEA273 HEA274 HEA275 MEA276 MEA277 MEA27B HEA2B1 NEA279 MEA2BO HEA282 MEA2B3 KEA2B4 4KA2B5

ORGANIC COMPOUNDS lumts-ug/kg)
Millll<llltl«lilf

VOLATILES

CHtOROKETHANE
VINYL CHLORIDE
ICTHVUNE CHLORIDE 7 B
ACETONE 9 J
CARNN BISULFIDE
1,1-BICHLOROETHENE
1,1-DIDK.OROETHANE
TRAHS-1.2-DICHLOROETHENE
CHLOMFORN
1,2-DICHLOROETHANE
2-HITANONE
1,1,1-TRICHLOROETHMIE
1,1,2,2-TETRACHLORDETHANE
TRICHLOROETNENE
1,1,2-TRICHLORDETHANE
BENZENE
2-HE1ANONE
4-NETHVL-2-PENTANOKE
TETRACHLOROETHENE
TOLUENE 4 J
CHLOROBENZENE
ETHYLBENZENE
STVRENE
TOTAL IVLENE5

TOTAL VOLATILES 20

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 0

B200 ti

1300 J,ii
3500 J,if
19000 it

76000 II

1300 J,"i
26000 »

135300

0

23000 11
19000 II
7400 ii

4400 J,u
1800 n

4400 II
45000 II

4600 J II
260000 ii

36000 II

210000 II

623600

44200

910 J,B,H
4800 H

6900 H
5900 H
5600 H

28000 II
3600 H
4700 M

18000 H

78410

11600

4300 II

2400 J,M

86000 H

4400 J,"

13000 H

1900 J,u

6700 J,ll

118700

0

1

12.8 J,B

12.B

200

6.6 B

36

42.6

22B

2! B

34 B

6.8

13

74.B

603

3.1

6.0

1.1

200

2.2

2.2

4.4

200

14
2.4 J,6

16.4

200

3.1

3.1

200

6.2

8.2

4.3 J,B

46

1.5

74.2

200

41

1.1 J,B

50.1

200

4.5

46

2.3

52. B

200

21

2.6

81

112

4.4

5.5
224

22

244

724

444

4.1

19

4.1

14

121

200

5.8
16

55

51

6.0

53

9.6

196

200

B.4

6.0

4.6

4.8

4.0

2.1

30.7

204

BASE/NEUTRALS AND ACIDS

N-NITROSODinETHVUI1!NE
PHENOL
ANILINE
1.3-DICHLQROBENiENE
1.4-D!CHLOROBENZENE
BENZYL ALCOHOL
1,2-D1CULOROBENIENE
2-HETHVLPHENOL
p.IS(2-CHLOIi01SOPROPYLI ETHER

440CO H

13000 J,n

1100

670
310 J

530 J

330 0
330 J

330 J
330 J

960

4800 1600 J

B200 },f

800 J



PAGE 5

TABU 1
SUIW1T NATIONAL SHE
ONSITE SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Sa.ple Nuiber: SLOIB001dSLOI9001 SL020001 SL02I001
Saiple Type: Surface Surface Surface Surface
Date Saipled: ll/OB/84 11/09/84 11/09/84 11/09/84

OTR Nuiber: £9760 E976I E9762 E9763
OTR Nuiber:
1TR Nuiber: BEA268 DEA269 HEA270 HEA271

SL02200I SR050001 SS024001 SS02S001 SS02600I SS02600Id SS028001 55029001 SS030001 SS03IOOI SS032001 SS03300I SSC34001 SS035001 SS03600I
Surface BUnk Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface
11/09/B4 11/15/84 11/13/64 1I/I3/B4 11/13/84 11/13/64 11/13/84 11/13/84 11/13/84 11/13/84 11/13/64 11/14/84 11/15/84 11/15/84 11/14/84
E9764 E98I7 E9765 E9767 E9769 E977I E9775 E9775 E978I E9777 E9779 E9783 £9785 E9787 E97B9

[9818 E9764 £9748 E9770 E9772 E9774 E9776 E9782 E977B E97BO £9784 E97B6 £9788 E979D
HEA272 NEA299 HEA273 HEA274 NEA275 HEA276 HEA277 HEA27B HEA281 KEA279 NEA280 HEA2B2 NEA2B3 HEA2B4 HEA285

4-HETHYLPHENOL
HEJACHLOROETHANE
ISDPKDRONE
2-NITRDPHENOL
2,4'DIKTHrLPHENOL
BENZOIC ACID
1,2,4-TRICHLOI
NAPHTHALENE
4-CHLORO3-HE
2-HETHVLNAPHTI
HEIACHLOROCYCI
DIMETHYL PHTHALATE
ACENAPHTHYLENE
ACENAPHTHENE
4-NITROPHENOL
DIBENZOFURAN
DIETHYLPHTHALATE
FLUORENE
N-NITROSII
HEIACHLDR08ENZENE
PENTACHLOROPHENOL
PHEMNTHREK
ANTHRACENE
DI-N-BUTYLPHTI
FLUORANTHENE
PYflENE
BUTVUCMiYLPIF
BENZOfAIMTHRACENE
BISI2-ETH
CHRYSENE
Ol-N-OCTY
BENZOdlFI
BENZOIKIF
BENZOIAIPVRENE

TOTAL TENTATIVELY

L
ME

rtENOL

ROBENZENE

THYLPHENOL
HALENE
LOPENTADIENE
SLATE

ATE

ENYLAH1NEI1)
ZENE
ENOL

WLATE

IHALATE
ICENE
IYDPHTHALATE

HALATE
MTHENE
MTHENE

:DIFVRENE
MOATEftirnnHLtnt
FiYLENE

ITRALS AND AC IDS

ELY
E/NEUTRALS AND ACIDS 76000

1400000 <i

1400000

0

43000 H

110000 H
53000 II

32000 H

13000 ],!•
13000 1,11

12000 J,n

200000 H

533000

B30

3000

2900 J

1900

1400

280 J

210 1

1400

2100

360 J
350 J
330 J
1700

230 J
3100

22970

27140

BIOOO ii

81000

656400

161 J,i«

161

5864

5500

6100

890

1600

4100
740
400

2600 B
520

330 i
360

23540

2538368

6600

12000

330 I

2500

330 J

5200

1700
1600
590
330

330 1
550 B
910

330 J
990

330 J
330 J

330 J

35280

1921727

330 J
3100

5300

330 J

1600

470

610

3800

2800
1200
510

520
2500 B

700
2500

370
340

330 J

28300

7B3459

1600 J
330 J
2500

4400

330 J

1100
330 J
330 J

330 J B
1000

2700

3200
640
350
440
380

2200 B
540
1600

340
420

330 J

330 J

26580

666081

1200

1800

3B2
330 J

1100

6900 B

330

760

12802

6I6J59

470

660

330 J

3300

580

4900 B

330 J

2700

330 J

13600

896800

BOO J

9300

14000

BOO J

2800
BOO I
BOO ]
BOO J

4800

3700 B
1200
900

600 J
4400
830

800 J
800 J
BOO J
800 J

800 1

50730

1755482

7000
2100

2400

4000

BOO J

800 j
BOO 1

1900

5400
800 J
800 J

BOO 1
11000
800 J
3900

BOO J

600 J

600 J

51460

588268

8000 J

1900

3100

20000

1900

11000

1600 J
1600 J

36000

3800

88900

27600UC

2900

1600 1

14000
7000

1600 J
10000

1600 J

1600 J
1600 J
1600 J
1600 J

4000
1600 J
11000 B
1600 J
1600 J
6400

1600 1
20000
1600 )
4300

1600 J

102000

1879915

4000 J

960

1800

BOO J

BOO 1
930

B20

8200
800 J
800 J
800 1
800 1
7700

800 J
1900

800 i

32730

767169

8200 J

46000

64000

126400

14048517

800 J

4000 J
600 J
2600

6500

BOO J

BOO J
800 J
BOO J
BOO J

3BOO

7700 B
1000

800 J
800 J
BOO J
15000
800 j
800 J
BOO J

800 i

BOO J

53400

455294



PftSE 6

TABLE I
SliNNIT NATIONAL SHE
DNSITE SOIL SAHPLE RESULTS
REHEDIAL INVESTIGATION REPORT

Saeple Muiber: SLOI800USL01900I
Saiple Type: Surface Surface

Date Saipled: 11/06/64 11/09/84
OTR Nueber: E9740 E976I
OTR Nuiber:
ITR Nutber: HEA24B HEA249

SL020001 SL021001 SL022001 SR050001 SS024001 SS02S001 SS026001 55026001.1 SS02600I SS029001 SS03000I 5SOI1001 SS032001 SS033001 SS03400I SS035001 SS036001
Surface Surface Surface Blank Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface
11/09/84 11/09/84 11/09/84 11/15/84 11/13/84 11/13/84 11/13/84 11/13/84 11/13/64 11/13/84 11/13/84 11/13/84 11/13/84 11/14/84 11/15/84 11/15/84 11/14/84
E9742 E9763 E9744 E9B17 E9745 E9747 E9749 E977! E9773 E9775 E97B1 E9777 E9779 E9783 E97B5 E9787 E97B9

E981B E9744 E974B E9770 £9772 E9774 E9774 E9782 E9778 E97BO E97B4 E9784 E97B8 E9790
HEA270 HEA271 HEA272 KEA299 HEA273 HEA274 HEA275 HEA274 HEA277 HEA27B HEA281 NEA279 HEA280 HEA2B2 KEA283 HEA284 KEA285

PESTICIDES and PCBs

ALPHA-BHC
BETA-BHC
DELTA-BHC
BAHHA-BHC IL1NDANE)
HEPTACHLOR
ALORIN
HEPTACHLOfl EPOIIDE
ENDOSULFAN I
DIELDRIN
4,4-DOE
EMHIN
4,4-DDT
TDIAPHENE •
IWDCHLOR-1232
AROCHLOR-1242
ARDCHLOR-I24B
AROCHLDR-1254
mm
TOTAL PESTICIDES and PCBs

lilllllllllilllllillllllllllllllllllllilllllllllilllll

PERCENT KOISTURE (VDLATILES) 15
lilliiiin

14

21000 ii

21000

linn mi
15

4900

4900

IIIIHIIII
17

590000 C,H

590000

liiitimii
19

Illlllll
4

!

20 J

20

iiniiii
13

Illlllll
13

720

720

Illlllll
13

440

440

Illlllll
13

40 J

40

iiiiiim
13

iiiimi
10

Illlllll
14

300

300

liiltili
12

440

440

Illlllll
14

ISOOO

15000

ilium
10

Illlllll
13

iiiniii
17

480

480
====rc = -;

Illlllll

17
lllllllilllllllllllllllllllllilllllllllllillllllllllllllllliiillllllMlllllllllllllllllllllitlllllllllltllllllllllllllHIIilliillllllllllllllllllllllllllllllillllllllllllllllllKIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIItllllllllll



TABLE 1
SUMIIT NATIONAL SITE
DNSITE SOIL SAHPLE RESULTS
REMEDIAL INVEST16ATION REPORT

PA6E 2

Sinple Nunber: SLOlBOOld SLOI9001 SL020001 SL02I001 SL02200I
Saiple Typi: Surface Suffice Surface Surfict Suffice

Date Saipled: ll/OB/84 11/09/84 1I/09/B4 11/09/84 11/09/64
DTK Hunter: £9760 £9741 £9762 E9743 £9764
OTR Nunber:
ITR Nunber: HEA248 HEA269 MEA270 KEA27I HEA272

SR050001 SS02400I 55025001 SS026001 SS026001dSS02B001 SS029001 55030001 SSOSI001 SS03200I SS033001 SS034001 SS03500I SS034001
Blank Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface
11/15/64 11/13/84 11/13/84 11/13/84 11/13/84 11/13/84 11/13/64 11/13/84 11/13/84 11/13/84 11/14/84 11/15/84 11/15/84 11/14/84
E9817 £9745 £9747 £9749 E97JI E9773 E7775 E97BI E9777 E9779 £9783 £9785 £9787 £9789
£9818 £9744 E9768 £9770 £9772 £9774 £9776 £9782 £9778 £9780 £9784 £9786 £9788 £9790
NEA299 NEA273 HEA274 KEA275 HEA274 NEA277 MA27B NEA281 DEA279 KA2BO HEA2B2 KA283 HEA284 HEA2B5

1NOR6ANIC CONFOUNDS (units) MB/KB DRY NEI6HT

ALUMINUM
ANTIHONY
ARSENIC
BARIIM
BERYLLIUM
CADH1UH
CALCIUM
CHROHIUM
COBALT
COPPER
IRON
LEAD
CYANIDE
HA6NESIUM
HAN6ANESE
NERCURV
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANMIUM
ZINC
tmtfttimtfiti
PERCEMT MOISTURE
PERCENT SOLIDS

7452

(891 R

21258
14 R

(121
30B20
25 R

(13751
127 R,E

.26
(141 R
(10211

(251 R
110 R

IIKIIII

B6.8
llllllil

5530

16 R
122

(16301
47

47
33900
45 I

10.4 R
(19401

199

(111
(17701

(1461

(151
47

HttftiMM

84.4
IIHMIIIIIII

6140

22 R
(58)

(0.641

5520
IB

(9.41
33

33400
49 «
43.4

(2590)
245

28
(1530)

(2471

(20)
103

ItlMHHt

Bl.l
IHIHHH

5410

31 R
(771

13400
22

(4.11
34

33100
28 i
2.4 R
114601

136
0.2
(12)

(1520)

(178)

(18)
(23)
192

tiimtttf

8B.2

5550

16 R
(831

14900
27

(4.61
52

30900
57 •

10.9 R
(16901

162
0.2
(151

(1130)

(157)

(22)
120

liiiiiiiiil

80.5
HHHHiit

307

(3.9)

(962)
(2.3)

233

(78)
(2.4)

(22101

(251

IIIHHI

78.1
HIIIHt

13200

(471

(31301
IB

(It)
17

31400
49 I
.40
3590
271

(251
(8421

(1041

(25)
45

IIKIIII

79.7
III! Hit

2430

II R
(541
(.831

4840
11

(101
20900
25 I
.34R
(920)

87
0.8

(969)

(154)

(14)
40

IMIIIII

79.7
llllllil

4030

15 R
(1091
(.971

18400
22

(9.1)
25

28800
103 >
1.2 R
(27501

403

29
(14001

(1791

(201
483

MHtlM

82.5
imtitt

4440

17 R
(93)
(1.1)

34200
102

(7.4)
29

33400
116 i
1.9 R
3400
2420

(20)
(793)

(217)

[151
35
803

ilium

B4.2
iHHHtt

8740

22 SR
(551
(1.1)

3180
17

(141
27

34900
33 I
.34 R
3140
527

29
(18901

(1141

1221
100

ilium

B3.7
IHIIIIII

9780

17 R
(52)

(l.ll

4240
19

(191
43

54600
17 t

.95 R
3750
477

28
(1820)

(1241

(291
113

llllllil

62.9
llllllil

7BIO

13 R
(581

(0.871

(25201
18

18.5)
26

38300
16.5 i
.4R

(2720)
236

[201
110301

(1091

(251
85

KIIIIII

82.3
IHIIIIII

7840

16 R
(541
(.941

2870
44

(12)
43

34000
31 I
.84R

345

24
(1500)

(427)

125)
89

iiiiini

88.4
IHIIIIII

8790

17 R
(45)
(1.1)

3130
24

(20)
41

39400
26 >

11. 3 R
3140
442

33
(1440)

(1681

(241
130

ItlittH

82.0
IIIIIIH

7830

14 S,R,t
178)

(0.98)

(2430)
25

(121
28

43400
27 1
.4 R

(26701
292
0.2
24

(1350)

(151)

(151 R
(27)
112

IIIIIIH

B5.2

7400

18 R
(44)

(0.74)

(20201
IS

(8.11
29

34100
70 i
.83 R
12790)

248

24
(1S20)

(1741

1191
89

IIIIIIH

85.2

7090

15 R
343

(1.01
112

(18301
21

(8.01
57

32700
39 i
12.7 R
(2750)

281

(231
(I4BO)

(277)

(20)
347

Hllllll

81.9

8480

14 R
I4B1

(1.11

13400
24

(141
44

39200
37 S,i
8.4 R
12840)

300
0.2
24

(15401

(2041

(241
194

IIIHIII

64.8

FOOTNOTES!
I: Anilyto his been found in the labor it or, blank as nil is the sanple. Indicates possibl./irokiblf contuinition.
C: Applies to pesticide parueters nhere the identification his been confined by SC/HS.
E: Value is estiuted due to presence of interference.
I: An estinited value
I: Spike tuple recovery is not nitbin control linits.
Si Value is determined by standard addition.
i: Duplicate analysis is not uthin control liniti.

in Satples anilyied it nediun concentrations.
(1: Positive (tlues less thin the contrict required detection Unit.
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PAEE 9

TABLE 1
SUnniT NATIONAL SHE
ONSITE SOIL SAMPLE RESULTS
REflEOIAL INVESTIGATION REPORT

Saiple Nuiber: SS037001 SS03B001 55039001 SS040001 55041001 SS042001 SS043001 55044001 SS045001 55044001 5504/001 SS04B001 SS049001
Saiple Type: Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface Surface

Date Saipled: 11/14/64 11/14/84 11/14/84 11/14/84 11/14/84 11/14/84 11/14/84 11/15/84 11/15/84 11/15/84 11/15/84 11/15/84 11/15/84
OTR Nuiber: E979I E9793 E9795 E9797 E9799 £9801 E9B03 E9B05 E9807 E9809 E9BI1 E9BI3 E9815
OIK Nuiber: E9792 E9794 E979i E9798 E9800 E9802 E9B04 E9806 E9808 E98IO E98I2 E9814 E9816
ITR Nuiber: NEA286 NEA2B7 KEA2BB NEA2B9 WA290 NEA291 KEA292 HEA293 NEA294 NEA295 MEA294 HEA297 HEA298

PESTICIDES and PCBs

AlPHA-BHC
BETA-BHC
DELTA-BHC
6AMA-BHC ILINDANE)
HEPTACHLOR
ALDfllN
HEPTACHtm EPOIIDE
ENOOSULFW I
DIELWIIN
4,4-DOE
ENMIN
4,4-DOT
TOIAPKEtt
MDCULOR-1232
AROCHIDR-1242
ADOCHLOR-I248 13700 II
AdOCHt.OR-1254
niREI
.=====================================================;

TOTAL PESTICIDES and PCBs 13700
==============;===============!========================

lltllilllltllfllllHIHIMiltllltlillltllttMIKIIItlll
PERCENT HOISTURE IVOLATILES) 17

21.9 J,H

4809 li

===========
48JI

===========
ItlltlttKI

22

19.8 J,«

==========
19.8

s=ss======

KllilKli

23

,

==========

=======*=*
fifiiiiill

18

=========
=========
Illllllll

18

===========
===»ZS==IS=

Illllllllll
18

r:££===z£=

=======3==

tiilfitlll

17

9.2 J

±=33=33===

9.2
==========
ttttmiif

IB

=====333=5

=3333SS==S

tlfttttHI
22

==========
=CSE::===Z

UMIIIIII

IB

50043

========
5004!

========
muni

17

=:=X2=SSS=

==========
Illlllllli

23

=====«==

====SSS3

tmtui
20



PAGE 3

TABLE 1
SUHH11 NATIONAL SHE
ONSITE SOIL SANFLE RESULTS
REMEDIAL INVESTIGATION REPORT

Sup It Nurter: SS037001
Saaple Type Surface

Kite Saipled: 1I/14/B4
OTft Nuiber: E9791
OTR Nutter: E9792
1TR Nutktr: MEA286

SS03BOCI
Surface
11/14/64
E9795
E9794
MEA2B7

SS039001
Surf act
I1/14/B4
E9795
E9796
MEA2B8

SS040001
Surfaci
11/14/84
E9797
E979B
NEA2B9

SS04100I
Surface
11/14/84
E9799
E9800
HEA290

SS042001
Surfaci
11/14/84
E9B01
E9B02
HEA291

S504J001
Surf act
11/14/84
E9903
E9804
HEA292

SS044M1
Surface
11/15/84
E9BOS
E9B06
MEA293

SS045001
Surface
I1/15/B4
E9807
E9B08
MEA294

SS046001
Surface
11/15/84
£9809
E98IO
HEA295
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PERCENT MOISTURE
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FOOTNOTES!
B: taalytt ka* bm tonal it tht laboratory blank at mil at tht tatplt. IKicatn •otiiblt/trobablt cootaiiMtim.
C: Applin to pnticiit larauttri nktrt tht notification hat bttn coedrttd by 6C/HS.
Ei VaUi it titioattd dut to irntnci ol interference.
J: to tttitattd valu
R: Spilt sattlt rtcovtry it not litkit CMtrol lniti.
S: Value it dittrtinii by ttandart addition.
•: Duplicate anal ft n it not vitbin control li«itt.

ii: Sitfln analyzed at ttdiui cunctntrationt.
Hi Po»iti,t .aluet Itu tkat the contract retired detection hut.
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TABLE I
5UIWIT NATIONAL SITE
ONSITE SOIL SAHFLE RESULTS
REHED1AL INVESTIGATION REPORT
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Sup 1» Nuibir: SS1-300I
Saoplf Type At 4 Ft.
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300

(.0741
25

[15401

[2.51 J,R

(211
88

IlllUiU

81

6340

15 J
[561

(0.651

(12101
13

(9.71
26

21500
19

(23701
234

(231
(11801

(201
77

mum

81

7110

15 J
(531

(0.51)

(360)
16

[6.71
29

33800
12

(20001
120

(151
(11801

(221
51

mum

80

10500

12 J
183

[1.21

3210
IB

(231
29

27500
16

4760
2B2

39
(13601

(20)
74

mum

B3

2850

9.3 J
124

(0.91

(22801
8.8
(71

23
20800

15

[13601
132

(0.071
(14)

(17101

112)
42

mum

86

5020
[221 J.R

14 J
(78)

(0.61)

10300
17

(14)
31

43100
33

2960
451

26
(12901

12.9] J,R

(201
103

mmuii

87
ttmiiiitmiimiitmmmmmmtmtmmmffmfmmmimmmfmimimmmtmitmimmimMmtmmmifiimmimmmtttmmmttimttmmmmtmtmtm

FOOTNOTES!
I: Anilyti IM bn* tonf io tbt laboratory blMb it Mil M thi uoplt. dficitn omtiblt/probablt contaiiMtiei.
C: fttilm to intuito parutttrt riioro tki ifatificition nai bm cnfiraH by 8C/I8.
Ei Vtlut ii rttiutrC tat to prnmci of inttHtrmct.
J: An fitiiatM° valu
I: Sfiki taipli fKomy ii not nitkiii control liiiti.
S: Valtii ii Mttrointf by itantarl <Mitia«.
i: Duolititi inalym 11 not mthin control liiitt.

••: S»«lM inalyzri at «<iuo conctntrationt.
Ui Poi.tivt /iliut I MI thai tht contrict ri^irit tatoction litit.
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PA6E 4A

TABLE 1
SUnnil NATIONAL SHE
ONSiTE SOIL SAMPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Saiple Nuiber: 553-6001 SS3-6001 554-1001 554-4001
Saiple Type: At 6 Ft. At B Ft. At B Ft. At 8 Ft.

Date Sup led: 12/30/65 12/31/85 12/26/65 01/08/86
OTR Nuiber: E9894 E9895 E9B96 E9897
OTR Nuiber:
ITR Nuiber: HE4492 HE4493 HE4494 NE4495

554-5001
At B Ft.
01/07/66
E9898

HE4496

SS4-6001
At 2 Ft.
01/07/86
E9899

HE4497
IIIIIKIilil

554-6001
At B Ft.
01/07/B6
E9900

NE449B
iiiiiiiiliii

554-6001
At B Ft.
01/07/86
EA451

NE4499
iiliiiiiiii

SS5-1001 555-2001
At 8 Ft. At 2 Ft.
01/06/86 12/26/85
EA452 EA454

NE4500 ' KEB372

555-2001 SS5-3001
At 6 Ft. At 4 Ft.
12/28/85 12/30/85
EA453 EB1B5

10371 DEB383

555-3001
At 8 Ft.
12/30/85
£6186

DEB3B4
ttiimtiiti

555-4001
At 2 Ft.
12/30/85
EB187

NEB3B5
iiiiiiiiliii

555-4001
At 8 Ft.
12/30/65
EB1B9

DEB387
Kllllllllll

555-4002
At 2 Ft.
12/30/65
EBI88

HEB386

SS5-6001
At 6 Ft.
01/07/66
EB190

NEB368

OR6ANIC COMPOUNDS lumts-ug/kg)

VOLATILES

CHLORONETHANE
VINYL CHLORIDE
NETHVLENE CHLORIDE 190 J,«*
ACETONE 6000 B,u
CARBON BISULFIDE
1,1-DICHLOROETHENE
1,1-tICHLDROETHANE 110 l,n
TRANS-I,2-DICHLDROETHENE
CHLOROFORM
1,2-tICHLOROETHANE 11000 H
2-BUTAW* 9400 B,"
1,1,1-TRlCHLWOETHANE 710 M
1,1,2,2-TETRACHLDROETHANE
TRICHLORDEIHENE 400 J,H
1,1,2-TRICHLOROETHANE
BENZENE
2-HEIANONE
4-HETHYL-2-PENTANONE 260 J,H
TETRACHLDROETHENE
TOLUENE 5500 n
CHLOROBENZENE
ETHYLBENZENE 6600 n
STVRENE
TOTAL IVLENES 26000 H
========================================== =====r=ss====

TOTAL VOLATILES 68370

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 0

68 6
62 B

14
37 B

10

27

100

10

44
=========

372
=========

37.7

23 B
67 8

6
3 J

61 B
12

9

30

140
5

21

200
=====15=

597

70.6

350 J,ii
3400 6,11

470 J,n

1000 n
160 J,B,«
7700 n

880 II

190 J,"
14000 »

20000 ••

70000 n
==========

116170

18015.2

1100 J,8ll
14000 6,11

6600 ii
16000 B,n
1600 J,n

1200 J,u

2300 J,"
40000 ii
5200 «
46000 ii

190000 n
==========

326000

0

290 B
100 B

10
33
9

10
140

130 1
1100

240
46
14

12
370
82
16

700
===========

3306

208

4900 J,ii
35000 B,II

41000 n

33000 I,H
14000 H

2500 J,n

2500 J,n
140000 M

76000 J,»

270000 n
==========

616900
==========

61672.9

26 B
52 6

16

21
26 B
34

19

39

11

130

16

110
=========

504
=========

29.7

23 6
130 B
4 J

16 B

42

10

110

12

86
=========

433
=========

152

81 B
150 B

B

4 J

28 B
19

220

24

66

B

71
=========

679

56.4

35 B
120 B

30 B

4 J

31

91

11

110
========

432

56

17000 B,ll

7700 II

49000 B,H
43000 H

140000 ii

5600 J,n
3600 ],n
9000 n

3400 J,n

16000 H

3300 J,H
17000 B,II

68000 n
25000 B,H
12000 ii

25000 n

2500 j,u

45000 II

58000 II

210000 it
=====================

296500 ! 465600

o ; o

18000 B,n
520000 B,II

4300 J,H
76000 II

35000 B,II
47000 II

150000 II

62000 <•

180000 II

730000 n
===========

1822300

101938.7

6000 B,J,n
42000 6,11

7600 J,««
13000 n
5400 J,i*

64000 n
40000 B,H
23.0000 II

430000 ii

6400 J,n

7100 J,"

45000 n

260000 II
===========

1156500

71648

5400 B,J,n
44000 6,11

80000 ii
36000 6,11
51000 ii

160000 ii

36000 n

75000 n

260000 II
===========

769400

36524.3

31 B
290 B

10
3 J
43

330
66 B
31

6

10

6 J

88 B

11

32
=========

957
=========

26.7
========== = === = = = ==- = = = = = = -==- = = = = = = :-- = = =- = = 3 = = = " = = " = = = = = = = =========== ===== = = = = = = = = = =

BASE/NEUTRALS AND ACIDS

N-NITROSOD1NETHYLAHINE
PHENOL
ANILINE
1.3-DICHLORQBENiENE
1.4-DICHlOROBEKiENE
BENZYL ALCOHOL
1,2-DICHlOROBENZENE
2-NETHYLPHENOL
B1S(2-CHIOR01SDPROPYL)ETHER

740

1200

7800 II 67 J

100 J 54 J

3300

1500 J

8300

!
1

18000 J," 1 2300 J,»i

140000 11 ; 17000 ii 67000 ii
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TA6LE I
SUWI1T NATIONAL SHE
3NSITE SOIL SAMPLE RESULTS
REHF.BIAL INVEST IEAHON REPORT

PAGE 6ft

Saiple Nuiber: SS3-6001 SS3-8001 SS4-1001 554-4001 554-5001 SS4-600I SS4-6001 554-8001 S55-IOOI SS5-200I SS5-200I SS5-300I 555-3001 SS5-400I 555-4001 555-4002 555-6001
Saiple Type: At B Ft. At $ Ft. At 8 Ft. At 8 Ft. At 8 Ft. At 2 Ft. At B Ft. At 8 Ft. At 8 Ft. At 2 Ft. At i Ft. At 4 Ft. At 8 Ft. At 2 Ft. At 8 Ft. At 2 Ft. At 8 Ft.
Date Saipled: 12/30/83 12/31/85 12/28/65 01/08/86 01/07/86 01/07/86 01/07/86 01/07/86 01/08/86 12/28/85 12/28/85 12/30/85 12/30/65 12/30/85 12/30/85 12/30/85 01/07/86

OTR Nuibtr: E9B94 E9B95 E9B96 E9897 E989B E9899 E9900 EA451 EA452 EA454 EA453 EBIB5 EB186 EB167 EB189 EB1BB EBI90
OTR Niiiber;
1TR Kotber: BE4492 K4493 NE4494 NE4495 HE4496 NE4497 NE4498 U4499 HE4500 DEB372 KEB371 HEB383 KEB384 HEB365 (IEB387 NEB386 HEB388

PESTICIDES and KEs

AlPHA-BHC
BETA-BNC
DEL1A-BHC
6AHNA-BHC IL1NDANE)
HEPTACHLOR
ALDH1N
HEPTACHLDR EPOI1DE
END05ULFAN 1
DIELMIN
4,4-BK
EIMIIN
4,4-DBT
HIAPHENE
MHKHLOI-1232
AROCHLDR-1242
AflOCHLOfl-124e 8300 »«
ARDCHLOR-1254
HIREI
===£========== Sr==S=====S=S===SS=SS==2==S==SS2SS»2===SS

TOTAL PESTICIDES and PCBs 8300
===:======== ======= sr=ss=s=s=ss=======s==ss=s2s=sss=sss

PERCENT flOISIORE (VDLATILE5) 16
mitittt

20
ttllllll

13

1600

1600

ftfitttlll

14

2300 C

2300

lllltillK

9

310000 C,tt

310000

(ItKKftll

20

37000 i<

=a===ss===

37000

iiiiniiii
14

tttfftftft

15
Klftllll

11

lltflllfl

17
ilifiiif

17

==========

iiiimiii
23

6800 «•

==========

6800

iiiimiii
16

===========

22 17

==sc===;s==

20

27

27

12



TABLE I
SUMMIT NATIONAL SITE
ONSITE SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

PA6E 5

Siiple Nurier: SS3-6001 SS3-8001 SS4-100I SS4-4001 SS4-5001 SS4-6001
Siiple Type: At 8 Ft. At 8 Ft. At 8 Ft. At 8 Ft. At B Ft. At 2 Ft.

Dite Supled: 12/30/85 12/31/85 12/28/85 01/08/86 01/07/86 01/07/84
OTR Nuiber: E9B94 E9B95 E9B96 E9B97 E9B9B E9899
OTR Nuiber:
1TR Nuiber: HE4492 NE4493 ME4494 ME4495 NE4496 ME4497

SS4-6001 SS4-800I SSS-IOOI SS5-200I SS5-2001 555-3001 SS5-300I SSS-4001 SSS-4001 555-4002 555-6001
At B Ft. At 8 Ft. At 8 Ft. At 2 Ft. At 6 Ft. At 4 Ft. At 8 Ft. At 2 Ft. At B Ft. At 2 Ft. At B Ft.
01/07/86 01/07/86 01/06/86 12/28/85 12/28/85 12/30/85 12/30/85 12/30/85 12/30/BS 12/30/85 01/07/86
E9900 EA45I EA452 EA454 EA453 EB1B5 E8I86 E1IB7 EBI89 EBIBB EB190

HE4498 KE4499 HE4500 MEB372 HEB37I HEB383 HEI384 HEB38S HEB387 MEB3B6 NEB3BB

INOR6AN1C COMPOUNDS (units) HE/KB DRV NEI6HT
IHIIIIUItlHIUUIimUHIIIIIIHIIHMHimHIIHmilllltltlllllUIIHHtHfllUUHUtt

ALUHINUn 7120 ! 5090
ANTIMONV 1
ARSENIC 19 J
BARIUM (78)
BERYLLIUM [0.64]
CADMIUM
CALCIUM 3270
CHRM1UH 19
COBALT (141
COPPER 29
IRON 24400
LEAD 35
CYANIDE
MA6NESIUN 3640
NAN6ANESE 436
MERCURY
NICKEL 29
POTASSIUM (1220)
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM [IB)
2 INC 90
If tiff tttftfKlllllftttimtltlftflllfttlilfllltff Mill

PERCENT MOISTURE
PERCENT SOLIDS B3

22 J
[461

(0.451

3420
12

191
19

27600
17 R

(17501
142

10.0841
(131

(2030)

(2.61 J,R

(201
42

IIIIKIII

B3

3940

14 J
(361

(0.56)
2.9
4900

15
(111
23

30700
17

(1340)
73

(19)
(1300)

US)
41

ittittti

4290

13 J
(931

(0.7)

(1040)
13

(9.1)
22

24800
13

[1890]
244

(171
(16101

(181
71

lillliftff

87 t 85

6820

22 1
(100)
(1.11

3490
16

(17)
31

31300
21 R

4410
495

37
(24601

(221
111

tftflflllf

86

4780

26 J
(HI

(I.I)
4.7

17600
34

(8.81
51

32300
48
1.5

(19301
131

0.65
(181

116801

1181
448

llllfttffff

84

6880

22 J
157)
(0.7)

3950
16

(13)
25

23700
19 R

3260
347

30
(1540)

(18)
95

fffifttifi

86

9110

27 J
(S3)

(0.86)

5480
19

(16)
28

30900
24 R

4410
521

35
(2330)

(2.8) J,R

(23)
85

iftfttfti

B3

3800

21 J
(741

(0.711

3370
15

(9.61
22

39500
35

(1730)
150
.21

(201
(17901

(3.3) J,R

(22)
49

ifiiiiiii

B4

1790

28 J
(701

(0.321

(20201
8.7

22
27800
19 R

14071
33
.52

(5.3)
(16401

(3.11 J,R

(16)
24

iifiiiiii

B3

3920

14 J
(641

(0.32)
(2.9)
(2070)

11
(8.5)

29
28800
22 R

112601
105
0.25
116)

(17901

(161
59

iiiittif

83

1440

17 J
215

(0.491
12

19B01
13

(4.7)
31

17000
35
1.2

23
0.29
(8.61
(1470)

12.8) J,R

(151
(15)
28

ifllllflfl

76

7270

29 J
(B61

(0.861
3.1

(18301
20

(131
39

34600
17 R
.81
3200
293

29
116001

(2.91 J,R

(241
93

iiiiifiui

83

4680

25 J
(1101
(0.611

3.2
(29201

24
(9.41
148

28800
64
22

(17401
153

0.15
(201

(17401

118)
104

iiiuiiifii

79

4530 ! 3410

28 J
1551

(0.571
5

(1210)
21

(13)
66

39400
42
9.4

12260)
324

(0.111
25

(1640)

(4.1) J,R

(19)
112

illilliilll

85

1IB1 J,R
23 J
(119)
(0.46)

4.3
(1160)

89
(6.3)
175

30400
147
67

(1380)
115

0.15
(23)

(1320)

(3) J

106
(IB)
421

fiiiiiiiiu

82

6140 !

24 J
(35)

(0.81
(2.7)
5660

17
(181
39

48900
32

4300
45B

(0.11
37

(16801

(4.21 J,R

123)
103

IIHIIIM

89
Illfllllllfff If tlllllllllllllMtlfUMIIIIIIIIIIIIIIIIIflllllllMlllllllllllfllilllllllllllftllttllf If IIIIIIIIIIIIMIIIIIIIIIIIIIUflMllllllllfllllllllllllllllllUlllllllllflllllllllllllUIIIIIIIIIIIIIIIIIIIIIIIMIf Illilliilll

FOOTNOTES)
It fcilyte kit bm low* U tht Itboritorr blot it nil » th* uiplt. Irticitti loiiiklt/prokiklt contuiutiw.
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IABU I
SlMir KATIOIdi. HUE
DtSSITE SOIL SWLE fiESUUS
REttOIAL INVESTIBflTlON REPORT

PAGE 3A

Sanple Nurter: SS5-700I SS5-700I 555-7002 S55-B001 RS000005 SS6-2001 SS6-300I SS6-5001 SS6-5001 SS6-5002 SS6-7001 SS6-700I SSfc-7002 R5000003 RS000004 S5081001 flSoOiOOl SS082001 SSOB4001
Saiple Type: At 2 Ft. At B Ft. At 2 Ft. At 8 Ft. Blank At 8 Ft. At 8 Ft. At 2 Ft. At B Ft. At 2 Ft. At 2 Ft. At 8 Ft. At 2 Ft. Blank Blank At 4 Ft. Blank At 6 Ft. At 4 Ft.
Date Saipled: 01/06/86 01/06/86 01/06/B6 01/07/86 01/09/86 01/08/86 12/30/85 01/06/86 01/06/66 01/06/86 01/06/86 01/06/86 01/06/86 01/09/86 01/09/B6 07/03/86 09/12/86 07/03/86 07/03/B6

OTR Nuiber: EB191 EB193 EB192 EB194 EB19S EA455 EA456 EA457 EA4S9 EA458 EA460 EB162 EB1B1 EBI83 EB184 ED3B3 EC384 EC3B5 EC3BB
DTR Nunbtr: EB532 EB538 EB533 EB536
ITR Hunter: KEB389 HE839I NEB390 KEB392 NEB394 HEB373 KEB374 HEB375 DEB377 HEB376 HEB37B HEB3BO HEB379 HEB3B1 HEB382 HE6B32 HE6833 HE6B34 W6637

PESTICIDES and PCBs

ALF-HA-BHC
BETA-BHC
KLIA-BHC
6AM1A-BHC ILINDANE)
HEPTACHLOR
ALDRIN
HEPTACHLOfl EPDI1DE
ENDOSULFAN 1
DIELDRIN
4,4-DOE
ENM1N
4,4-DOT
TOIAPHENE
AROCNLOR-1232
ARDCHLDR-1242
flfiOCHlOB-1246
AROCHLOR-1254
niREI

TOTAL PESTICIDES and PCBs

tittittiittiiitiitittKttitititttummitiKMiuttt
PERCENT HDISTURE (I/OIATILES) 20

990

990

ttitiiitf
13

IU1IIIX
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liilfttffl
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TABLE 1
SUIW1T NATIONAL SITE
ONSITE SOIL SAMPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

PACE 6

Sliple Nutter: SS5-700I SSS-700I SS5-7002
Sinpli Type: At 2 Ft. At B Ft. At 2 Ft.

Date Suplrd: 01/04/84 01/04/B4 01/04/64
OTR father: EI191 EBI93 EB192
OTR Nutber:
1TR Nuiber: HEB3B9 NEB391 NEB390

SS5-B001 RSOOOfcS SS6-2001 SS4-3001 SS4-5001 SS6-500I SS6-5002 S56-700! SS6-700I SS6-7002 RS000003 RS00004
At 6 Ft. Blank At 8 Ft. At B Ft. At 2 Ft. At B Ft. At 2 Ft. At 2 Ft. At 8 Ft. At 2 Ft. Blank Blank
01/07/84 01/09/86 01/08/86 12/30/85 01/04/84 01/06/86 01/06/86 01/06/86 01/06/86 01/06/86 01/09/86 01/09/B6
EBI94 EB195 EA455 EA456 EA437 EA4S9 EA458 EA460 EB182 EB1BI EB1B3 EB1B4

HEB392 HEBI94 KEB373 IEB374 HEB375 KB377 HEB376 WB37B MEBS80 HEB379 NEB3BI IKB3B2

SSOBI001

07/03/86
EC383
EBS32
HE6832

fl5004001
Blank
09/12/86
EC384
EB338
DE6833

SSOB2001 SS08400I

07/03/86 07/03/86
EC385 EC38B
E8533 EB534
NE6834 NE6837

INORGANIC COMPOUNDS (uniti) MS/KB DRV UEI6HT

ALUMINUM 6560
ANTIMONY
ARSENIC 22 J
BARIUM (571
BERYLLIUM [0.721
CADMIUM 3.7
CALCIUM 3470
CHROMIUM 23
COBALT (14)
COPPER 39
IRON 31600
LEAD 34
CYANIDE 1.1
MA6NESIUN 12650)
MANGANESE 334
MERCURY 1.084)
NICKEL 28
POTASSIUM [1630]
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM 120)
ZINC 162
ttHilHtHtHHHtfHHHHtHHHIHtHHHHtHtHt
PERCENT MOISTURE
PERCENT SOLIDS 83

70BO
1171 ],R

21 J
(461

[0.981
(2.91
(25501

28
(181
36

47000
36

3400
680

34
117701

(3.41 J,R

(261
100

fiiimii

B4

6270

22 J
[391

(0.731

(9881
28

(121
28

29700
32

[25401
224

(211
(19501

(2.61 J,R

[211
B5

iiiiiiiiii

82

6720

27 J
(501

[0.591
(2.7)
(22501

17
(111
28

33900
IBR

3050
324

1.0961
(23)

123201

(2.61 J,R

(221
58

IKIIKII

83

138 ! 8010

(18701
9.1

(3.21
134

(2861
(2.6)

[9291

[9.61
[161

(3.21
IlitUtlt

19 i
(48)

(1.6)

5680
18

(231
31

37700
14

4500
515

42
(1920)

(591)

(24)
195

IIIHIIII

100 ! B3

7550

23 1
(65)

(0.87)
(2.7)
5250

19
(17)
36

41800
21

3890
443

35
(1760)

(6341

1221
120

iiiiiiii

87

6580

20 J
(451

(0.751
(2.4)
(2540)

IB
(131
36

28100
26
8.8
3070
407
.81
25

(1530)

(528)

[IB)
109

iiiiiiii

86

6660

19 J
(50)

(0.49)

(2530)
19

(111
34

31600
24
3.9
3190
270

26
(2170)

(797)

(19)
91

IIIIIIII

84

6010

23 J
(52)

(0.64)

(1990)
17

(12)
33

30300
36
1.4

(27501
326

(24)
(IB401

(5721

1191
88

iiiiiiii

83

7030

21 J
(51)

(0.75)
3.4

4210
36

[151
36

33100
22

3190
457

36
11610)

(678)

1191
112

iiiiiiii

B6

8190

22 J
(51)

(0.77)

, 4670
16

(13)
25

31000
14

3010
208

28
(1410)

(7591

[191
69

HIIIIII

B3

6640

21 i
(691

(0.88)

3460
20

(201
33

35200
34

(26501
683

38
IIB801

(6521

120)
115

IIIHIIII

86

139

(1790)
7.6

141
137

(2931
(2.1)

17591

[151
[3.51

IIIHIIII

100

139

(1900)
9.2

(5.1)
134

(300)
(2.9)

(B721

(151
21

IIIHIIII

100

3B50

14
245

(2140) E
732

(10)
34

26100
17

(791)
57

27
(1050)

114)
126

iiiiiiiiii

Bl

187

13.6)

(2040) E
B.I

(4.9)
164

(314)

(3.8)

(547)

(151
(5.11

IIIHIIII

100

8070 ! 6820

19
(601

(1090) E
115

(10)
36

50800
24

(29801
186

27
(1720)

(6801

(16)
97

IIIHIIII

84

16
141

13.
11090) E

15
(111
36

32800
84

2900
311

27
(18001

[201
(14)
110

IIIHIIII

89
i<iiiiiiiiiiiii«iiiiititiiitiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii<iiiiiii<iii«itiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiit«iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiifiin

FOOTNOIESi
B) toilytl nil been fount* in tht laboratory blank H Mil at tht uotle. Indicate* ttniilt/erotatlt contatintiltn.
C: Anil in to pnticito naruttnri •htrt tht identification nai Im conHrntt by SC/MS.
El Vilnt it ntiiattf to tt nrtttKt o< inttr<trtnce.
Ji A* tttiMtttf vilM
I: Sfikt unfit rnto»ery it nti nitbin control liniti.
S: Value ii deter nine! by itandare1 aMition.
i: Duplicate *naly»n it not uthin control lioiti.

••: Sinplet analyzed at ntfiut concenlrationi.
II: Potitive «aluti 1m than the contract rttnirri letection Unit.



PABE I

TABLE 2
SUWIIT NATIONAL SHE
OFFSITE SOIL SAMPLE RESULIS
REMEDIAL INVESTIGATION REPORT

Saiple Nuiber: 551-9001 551-1002 SS2-9001 SS3-9001 SS4-9001 555-9001 SS5-9002 RS000002 SS051001 SS05200I 55053001
Saiple Type: Periieter Periitter Periieter Periieter Periieter Periieter Periieter Blank Resident Resident Resident

Date Saipled: 12/12/85 12/12/B5 12/12/85 12/12/85 12/12/85 12/12/85 12/12/85 01/OB/B6 12/12/85 12/11/85 12/11/65
OTR Nuitier: E9722 E9723 E9724 E9725 E9B69 E9B70 E9871 E9872 EB994 E8995 EB996
OTR Nuiber:
1TR Nuiber: HE4463 HE4464 HE4465 HE4466 KE4467 NE4468 NE4469 NE4470 HE444I HE4442 NE4443

SS05400I SS05500I 55055002 SS056001 55057001 55058001 SS059001 SS060001
Resident Resident Resident Fin Fin Fan Fan Fan
12/13/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85
EB997 EB99B E9873 E9706 E9707 E9708 E9709 E97IO

HE4444 HE4445 NE4471 HE4447 HE444B KE4449 HE4450 HE445I

ORGANIC CONFOUNDS lunits-ug/k;)
IHIII<III
VOLATILES

CHLORONETHANE
VINVL CHLORIDE
HETHfLENE CHLORIDE
ACETONE
CARBON DISULFIDE
1,1-DICHLOROETHENE
1.1-DICHLOROETHANE
TRMIS-I.J-DIChtOROETHENE
CW.OROFORH
1.2-DICROROETHA«
2-BUTAWtt
1,1,1-TRICHLOROETHANE
1,1,2,2-TETRACHLDROETHANE
TRICHLOROETHENE
1,1,2-TRICHLOROETHANE
BENZENE
2-HEIANONE
4-HETHYL-2-PENTANONE
TETRACHLDROETHENE
TOLUENE
CHLOROBEN2ENE
ETHVLBEN2ENE
5TVRENE
TOTAL rVLENES
==SS=5S=S====Z========================SS=========

TOTAL VOLATILES
E~£s:s±=ss=s===:=£=======================3

TOTAL TENTATIVELY IDENTIFIED
VDLATILES

15 B
25 B

26 B

20

B6

0
========

27 g
27 B

27 B

16

97
===$===2=

0=========

19 B
34 B

25 B

16

94

0

19 B
41 B

32 B

5

97
=========

0
=========

9 B
25 8

25 B

4 J

63
=========

0

47 B
110 B

29 B

2B

214

53.4

261
Bl B

24 B

14

145

0

13 B
70 B

13 B

4 J

100

63.3

40 B
30 B

36 B

106

0

45 B
19 B

32 B

6

102

29.5

99 B
110 B

42 B

12

26!

61.5

11 B
32 B

37 B

BO

0

17 B
24 B

35 B

10

86

430

26 B
110 B

33 B

7

176

408

8 B
IB B

26 B

52

0

97 B
25 B

30 B

1!

163

47.8

46 B
24 B

2B B

11

109

0

54 »
30 B

28 B

4 i

116
========£

29.2

40 B
19 B

22 B

9

90
========

0

BASE/NEUTRALS AND ACIDS

N-NITROSODINETHYUniNE
PHENOL
ANILINc
1.3-OICHLOROBENZENE
1.4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-HETHYLPHENOL
BISI2-CHLOROISOPROPYDETHER

i9 J



TABLE 2
SUWII NATIONAL SITE
OFFSITE SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

PAGE 2

Illllllllllillllllllllllilllll
4-HETHtLPHENOl
HEIACHLOROETHANE
ISOPHORONE
2-NITROPHENH.
2,4-DIKlHYLPHENQL
BEN20IC ACID
I,2,4-1RICHLOROBEN2ENE
NAPHTHALENE
4-CHLOM-3-HETHYLPHENOL
2-NETHVUMPHTHALENE
HEIACHLOROCvaOPENTADIEXE
DIMETHYL PHTHALATE
ttENAPHTKYLENE
ACENAPHTHENE
4-NITROPHEML
DIBENZOFURAN
DIETHYLPHTHALATE
FLUORENE
N-NITROSUIIPHENVLAIUNE111
HEIACHLOR08ENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-MITYIPHTHALATE
FLUOMNTHENE
PYRENE
KITVLKNinPHTHALATE
KN20(AIANTMMCENE
BIS(2-ETHVLHEIYL)PNTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
KNZO(B)FLUDJ)ANIHENE
BENZOIKIFLUORANTHENE
BENZOIAIPVRENE
INDENOII,2,3-CDIPVRENE
DIBEN2(A,H)ANTHRACEN£
BEN20(G,H,I)PERVLENE
==============ss===s========s=

TOTAL BASE/NEUTRALS AND ACIDS

101AL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS

Siiple Nuiber: 551-9001 S51-9402 SS2-900I SS3-900I SS4-9401 SS5-944I SS5-9442 RS444442 SS05IOOI SSOS2401 SS053441 S545440I SS05540I SS455442 SS45644I SS057001 SS058441 55059001 SS460001
Suple Type: Periieter Periieter Periieter Periieter Periieter Periieter Periieter Blank Resident Resident Resident Resident Resident Resident Fjri Fir. Fir. Fan Fari

Date Supled: 12/12/85 12/12/85 I2/I2/B5 12/12/85 12/12/85 12/12/85 12/12/85 01/08/86 12/12/85 12/11/85 12/11/85 12/13/05 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85
OTR Nuiber: E9722 E9723 E9724 E9725 E9B69 E9870 E»871 E9B72 E8994 EB995 E8996 EB997 EB998 E9B73 E9746 E9747 E9748 E9749 E9714
OTR Nuiber:
1TR Nuiber: K4463 NE4464 IIE4465 NE4466 IIE4467 NE4468 HE4469 HE4474 HE4441 HE4442 HE4443 IK4444 HE4445 NE447I IS4447 HE4448 NE4449 HE44S4 HE4451

Mtltlttltlllllitttlltlt

2000

2900

744

1744

114 3
894
694
67 J
664
97 J

240 J

720
720
400

320 J
89 J
290 J

SS===SSS=====S=S=======T

12593

IDS 34865

llllllllll

2444

3240

244 J

870

480

6544
914

130 J
7144
4744

3044
140 J
2440

3244
3204
1700
1200
410
1200

42580

30523

llllllllll

1444 J,H

2340 ],»

1744 J,»

=====S=S=

5444

24428

Ilitttttti

1244

1744

344 J

814

324 3

210 J

4580

20479

llllllilll

45 J

45

4382

llllllllll

500 3

754

1244

314 J

654

120 J
160 3

110 J
45 J
110 J

124 J
124 J

140 J
=========

4335

35993

imttuit

374

544

124 J

444

60 J
86 J
134 3

88 3

83 J

124 J
124 J
41 J

124 3

2318

8434

liiitiiii

45 J

=========

114

2995

Mlllllll

164 J

55 3

83 3

330 J
87 3
124 J
284 J

84 B,J
234 3
444

544
91 3
944

1144
1144
434
394

97 J
314 3

6787

5140

llllllllll

890 J

1944

2604

544

94 J

1300

160 B,J
350
724

364

344

534
530
284

14554

23441

iniiitiii

514 B

51 J

561

9434

lllllllil

544

994

150 J

234 J

65 J

1240
160 J
270 3
2144
1504

1400
120 3
1100

1900
1900
1140
550

120 J
470

15425

10673

lllltltti

1144 J

114 J

154 3

264 3

190 3
344 3
234 J

240 3

150 J

2690

19170

IIIKtll

114 J

134]

244 J

88 3
344 3
194 J

140 J
73 3

150 3

250 J
250 3
150 3
82 3

2153

19390

IIHMII

120 J

91 B,J
224 J
120 3

97 1
49 3
110 3

190 3
190 J
110 J

1297
=cs==z==

7526

lllllllil

42 J

76 B,J
70 J
54 J

40 3
47 J

329
=========

8631

llllllllll

68 J

114 B,J
144 3
87 J

59 J

62 J

49 J
49 J
67 3

691

2028

Itltltttt

380
67 3

ISO B,J
570
544

300 3

270 J

490
490

280 3
140 J

154 J

3857

2B92

IIIIIIHI

150 B,J
69 J
73 3

66 J
66 J

========

424

1246
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TABLE 2
SUMMIT NATIONAL SUE
OFFSITE SOIL SAMPLE RESULTS
REMEDIAL INVESTI6A1IDN REPORT

PA6E t

Sup IF Nutter: SS1-9001 SSI-9042 552-9001 553-9001 554-9001 555-9001 555-9002 RS000002
Sanple Type: Perimeter PeriMter Perimeter Periietef Perimeter Periieter Perimeter Blink

Date Sampled: 12/12/85 12/12/85 12/12/85 12/12/85 12/12/85 12/12/85 12/12/85 01/08/84
OTR Number: E9722 E9723 E9724 E9725 E9869 E9B70 E987I E9872
OTR Number:
ITR Nuiber: ME4463 HE4464 HE4465 ME4466 NE4467 HE4468 ME4469 HE4470

55051001 SSOS200I 55053001 5505400I 55055001 55055002 SS056001 SS05700I SS058001 SSOS900I 55060001
Resident Resident Resident Resident Resident Resident Farm Farm Farm Farm Farm
12/12/85 12/11/85 12/11/85 12/13/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85
EB994 EB99S EB996 EB997 EB998 E9B73 E9706 E9707 E9708 E9709 E9710

ME4441 ME4442 NE4443 NE4444 ME4445 NE4471 NE4447 ME444B HE4449 ME4450 ME445I

INORGANIC COMPOUNDS (units) MB/KG DRV NEI6HT
iiiiiiiii«i<iii<<<ifiiiii<iiiii<iiiiiiiii(iiiiif<fiiiiiiiifiiiiiii<<iiiHiiiiiiiiiiiifiiiiiiiiifiiiiiiiii<iiiiiii<iii<<fiiiiiii<iii*<fifuiiifiiiiifi<i<iiiii<ifi<iiifiiifiiiiiiif<«ififmimmifimimmmmmmmmii<i
ALUMINUM 7710
ANT1NONV
ARSENIC ' 12
BARIUM 218
BERYLLIUM (0.621
CADMIUM (2.B1
CALCIUM 7250
CHROMIUM 15
COBALT (111
COPPER 35
IRON 27800
LEAD 164
CYANIDE
MAGNESIUM [16901
MANGANESE B79 J
MERCURY .55
NICKEL (191
POTASSIUM [19101
SELENIUM
SILVER (3.51 J,R
SODIUM [6741
THALLIUM
TIN
VANADIUM [211
ZINC 124
mummmimtimmmiimmumimmmm
PERCENT MOISTURE
PERCENT SOLIDS 74

9650

11
295

(0.731
(2.9)
19700

17
(131

34
25900

175

(23001
1350 J

.4
(211

(18101

(B501

125)
139

iiimtii

75

2300 ! 8290
!

20 ! 14
(531

(0.561

(5401
22

(51
Ci

34300
50

(5151
54 1
l.t

(IB)
(21101

3.3
(4.21 J,R

(759)

(201
36

tmtmt

B2

(661
[0.521

4
[9211

17
(B.61

33
30700

20

123801
145 J

(221
(17401

(11501

[201
75

iiimm

71

12700

14
(71)

10.55)

(16701
19

[151
31

26100
17

31BO
655 J

30
[18001

(10901

(251
100

mmm

84

7180

12
135

(3921
16

(101
29

30900
22

3280
170 J

(191
(2190)

[2.71 J,R
(7071

(16)

mmm

9960 ! 175

9.9
1130)

10.481
4.2

(4021
22

(131
37

40600
21

4700
239 1

(251
(22301

(4.51 J,R

(221
109

mmm

77 ! 76

(I960)
9

(8.91
164

[3321
(21 )

(5.21

(10701

(161
25

titmtif

100

11800

16
(1091

(0.871

(24301
19

(141
51

22600
123
.83

2360
1550 J,R
(.095)

(15)
[I860)

16 J,R

(271
IB7

uifiiii

BB90

26
(1231
(0.4)
(3.3)

(24501
16

(B.B1
29

30300
391
.76

(17901
472 J,R

.38
(131

(IB601

(3.41 J,R

(211
127

mmm

63 ! 68

14500

23
(90)

(0.77)

(2930)
24

(211
25

31300
31

1.3
5340

1050 J,R

3B
(31001

(4.11 J,R

(27)
91

mmm

71

18100

19
(1451
(1.31
(3.81
S510

23
(131

37
25700

215
4.2

[29601
1160 J,R

.25
(231

(2B30)

(36)
227

mum

57

11800 ! 9530

20
(74)

(0.51

(13501
16

(111
(20)

19300
52

1.1
(2080)

865 J,R

(131
113901

(251
B7

mum

55

17
(681

(0.42)

[9781
14

(9.1)
(IB)

16600
SO

(172ft)
693 J,R

(131
(905)

(20)
70

mum

66

10400 ! 13100
(20) R

15
(1041
(0.71
(2.8)
3340

15
(131

20
1B500

26

(24701
1470 J,R

(151
(1290)

1779)

(23)
61

mum

7B

16
(831

(0.611
(31

(8251
18

(13)
(161

17900
24

.69
(20001

1120 J,R

(161
120401

(2.81 J,R

(28)
69

Ultttllt

75

12200

15
(801

(1.21
4.1

[13401
17

(151
IB

21000
26

1.2
12110)
916 i

(141
[13801

(3.51 J,R

(301
75

mtmu

74

11700

IB
178)

(0.711
4

118401
19

(191
21

26900
62

.95
(2050)

1580 J,R

(161
(1400)

(2.81 J,R

(29)
64

mmm

77

10900

IB
(561

(0.34)
3.8

(13301
14

18.5)
17

17800
19

(21501
565 J,R

(121
(14201

(22)
60

itiiim

BO

FOOTNOTES:
B: Analyte has been found in the laboratory blank as Mil as the sample. Indicates possible/probable contamination.
C: Applies to pesticide parameters utitr? the identification has been confirmed by 6C/NS.
E: Value is estimated due to presence of interference.
J: An estimated value
R: Spike sample recovery is not mthin control limits.

»: Samples analyzed at medium concentrations.
(1: Positive values less than the contract required detection limit.
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TABLE 2
SUnnil NATIONAL SITE
OFF5IIE SOIL SAMPLE RESULTS
REMEDIAL INVESTI6AHDN REPORT

Saiplf Nuiber:
Siiple Type:

Date Siipled:
Old Nuiber:
OTR Nuiber:
ITR Nutter:

SS06IOOI
hineSoi)
12/12/85
E9711

SS062001 SS06300I SS06400I SS06500] SS065002 5S06600I SS067001 S506BOCI1 5506900] 55070001 SS07IOOI SS07200I SS07300I 55073002 SS07400I 55075001 SS07600I
HineSoil HineSoil IfineStn! HineSoil NineSpil Industry Industry Industry Industry Industry Per-4 Ft. Per -6 Ft. Per utter Perneter Ppr-2 Ft. Per -6 Ft. Per -2 Ft.

01/06/86 01/OB/B4 01/08/86 01/08/86 01/08/86 07/01/86 07/01/86 09/12/86 09/12/86 07/02/86 07/02/86 07/02/86
E9717 E971B E9719 E9720 E9721 EC371 EC372 EC373 EC374 EC375 EC376 EC377

EB520 EB52I EB522 EB523 EB524 EB525 EB526
HE4458 HE4459 HE4460 KE4461 HE4462 NE6820 HEBB2I HEB822 I1E6B23 HE6824 HE6B25 NE6B26

12/12/85 12/12/85 12/12/B5 12/12/85 12/12/65
E9712 E97I3 E97H E9715 E9B74

KE44S2 HE4453 NE4454 HE4455 ME4456 HE4472

OR8ANIC COHPOUNDS lunits-ug/kg)
tlfl<lflfl
VOLATILES

CHLOROHETHAtt
VINYL CHLORIDE
DETHYLENE CHLORIDE
ACETONE
CARBON BISULFIDE
1,1-DICHLORKTHENE
1.1-D1CKLOROETHANE
TRANS-|,2-DICHLOI)OETHENE
CHLOROFORM
1.2-DICHLOROETHANE
2-WTANDNE
1,1,1-TRlCHLOBOETHANE
1,1,2,2-TETHKHLOHOETHANE
TRICHLOROETHENE
1,1,2-IRlCHLOROETHANE
BENZENE
2-HEIANONE
4-rffTHYL-2H>ENTANONE
1ETRACHLOROETHENE
TOLUENE
CHLORDBEN2ENE
ETHVLBEN2ENE
STVRENE
TOTAL 1YLENES

TOTAL VOLATILES
==SS=====SSS================S====3=I

TOTAL TENTATIVELY IDENTIFIED
VOLATILES

==========

52 B
140 t

21 B

23

6

==========
242

0

64 B
84 B

29 B

31

J

=s====ss

215

0

59 B
32 B

30 B

7

========

128

0

52 B
81 B

26 B

11

e=======

170

0
========

36 B
27 B

26 B

6

===:=:==

95

0
3=======

10 B
58 B

23 B

6

=========
97

0

21 B
58 B

29 1

4 J

=========

112

0

45 B
to t

4? B

========

154

0

20 B
26 B

24 B

4 )

===ss===s

74

0
=========

25 B
23 B

20 B

=========

68

0

10 B
30 B

25 B

=========
65

0

15 B
8J.B

II B

=========
34

0

97
25 B

14 B

3 J

=========
139

0

IB
16 B

13 B

=========
47

0

5
17 B

17 t

=========

39

0

6
22 B

27 B

=========
55

0

2 J
12 B

10 B

=========
24

0

2 )
a B

10 B

=========
25

0

BASE/NEUTRALS AND ACIDS

N-NIIROSODIHETHVLAniNE
PHENOL
ANILINE
1.3-DICHLORDBENT.ENE
1.4-DICHLOROBENiENE
BEN;»L ALCOHOL
1,2-DICHLDROBENIEHE
2-BETHVLPHENOL
BISI2-CHLOROISOPROPVLIETHER
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PAGE 6

TORE 2
SUIWIT NATIffNAl SHE
OFF31TE SOIL SABPIE RESULTS
REdEDIiU. INVESTIGATION REPORT

Siiplt Kuiber:
Saiple Type:

Date Siipled:
OTR Nutter:
DTK Nuiber:
1TR Kuitier:

5S041001 5S062001 SS06300I SS06400I SS065001 S5065002 SS046001
BineSoil HineSoii BineSoil fljntSoil HineSoil BineSoil Industry
12/12/Bb 12/I2/B5 12/12/65 12/12/85 12/12/85 12/12/85 Dl/08/Bi
E971) E9712 E97I3 £9714 E9715 E9B74 E9717

HE4452 NE4453 KE4454 HE4455 HE4456 NE4472 NE4458

SS06700I SS06800I SS069001 SS070COI SS071001 SS07200I
Industry Industry Industry Industry Per-4 Ft. Per-i Ft.
01/08/B6 01/08/86 01/08/86 01/06/86 07/01/86 07/01/86
E9718 E9719 E9720 £9721 EC371 EC372

EB520 £1521
IC4459 HE4460 HE4461 NE4462 HE6B20 KE6B21

S5073001 SS073002 55074001 S507500I SS07600I
Pcrinter Pernettr Per-2 Ft. Per-4 Ft. Ptr-2 Ft.
Of/12/B6 09/12/86 07/02/86 07/02/86 07/02/86
EC373 EC374 EC375 EC376 EC377
EB522 EB523 EB524 EB525 EB526
HE6822 HE6B23 nE6824 HE6825 HEGB26

PESTICIDES and PCfls

ALPHA-BHC
BETA-BHC
DELTA-BHC
6AM1ft-6HC IL1N3ANE,
HEPTACNLOR
ALDRIN
HEPTACHIOR EPOIIDE
ENDOSULFAN I
DIELMIN
4,4-BDE
ENuRM
4,4-DBT
TOIAPHENE
MDCW.OR-1232
MOCM.Oil-1242
AROCHIOR-1246
AROCHLOR-1254
H1REI

TOTAL PESTICIDES and PCBs

«i««ft«m«t»i»mmit«ti<tti«ftfitf limit
PERCENT IWISTUftE (VDLATILES)

iiiiiiim
15
Illillli

15
II4HIII

17
KIIIIK

15
IIIKIfl

15
Hlifllll

15
Ifttlfltf

36
iiifftif

74
ilfififlf

19
fHHtlll

16
tiitiiftf

22

1240

1240

iiiiiiiii
IB

1190

1190

fiittim
13

fttffttfffl

10

1270

„„.„.,
1270

iiimiii
19

200

=========

200

iimilil
17

750

=========

750

iiimiii
12

========= ========= =:

=========



PA6E 2

I ABLE 2
UiWIT HATIPIML SUE
DFFSITE SOIL SAHFLE RESULTS
PEHEDIAL INVESUGA1ION REPORI

Satplt Nutber: SS06IOOI SS062001 55063001 SS06400I SS06500I SS065002 55066001 S5067001 550680*1 5S06900I 55070001 55071001 SS07200I 55073001 55073002 55074001 SS07500I SS074001
Saeplt Type: HintSoil MneSoil MineSoil NineSoil HineSoil HineSoil Industry Industry Industry Industry industry Per-4 Ft. Per-6 Ft. Perneter Ptrinter Pef-2 Ft. Per-4 Ft. Per-2 Ft.

Date Supled: 12/12/65 12/12/85 12/12/85 12/12/85 12/12/85 12/12/85 01/OB/B4 01/08/B4 01/08/86 01/08/86 01/08/84 07/01/86 07/01/84 09/12/84 09/12/84 07/02/84 07/02/84 07/02/84
OTR Nueber: E97II E97I2 £9713 E97I4 E971S E9B74 E97I7 E97IB E9719 E9720 E972I EC37I EC372 EC373 EC374 EC37S EC374 EC377
OTR Nueber: E8520 EBS21 EB522 EBS23 EBS24 EB52S EBS26
ITR Nutber: ME4452 NE4453 HE4454 ME4455 ME4456 ME4472 ME4458 NE4459 NE4460 HE444I HE4442 HE6B20 MEEB21 NE6822 ME6823 HE6824 HE8B2S ME6824

INORGANIC COMPOUNDS (units) N6/K6 DR» HEI6HT

ALUMINUM ! 5100
ANTIMONY !
ARSENIC i 13
BARIUM i (SB)
BERYLLIUM 1 (0.33)
CADMIUM I 3.6
CALCIUM i (278)
CHROMIUM i IS
COBALI I (4.4)
COPPER ! 23
IRON ! 31800
LEAD 1 17
CYANIDE !
NA6NESIUM \ (2120)
MANGANESE ! MB J,R
flERCURY i
NICKEL ! (14)
POTASSIUM ; (2130)
SELENIUM !
SILVER ! 13.3) J,R
SODIUM !
THALLIUM 1
TIN 1
VANADIUM I (20)
2INC 1 45

PERCENT MOISTURE !
PERCENT SOLIDS ! 84

4070

[5.81
(48)

(0.32)
(2.3)
(201)

12
(S.9)

23
21300

22

(18201
105 J,R

(12)
(1330)

(14)
49

iinlili

84

5180

19
(106)

14
[7.11

24
34900

20

(2110)
124 J,R

(11)
(2470)

122)
50

fiiiiffi

84

4470

(28)
(0.43)

(404)
12
(41
17

21900
10

(1990)
120 J,R

(131
(1110)

(3) J,R

(14)
57

iiiiiiii

B6

6100

IS
(94)

(2.41

IB
(8)
28

37600
19

(2470)
171 J

(131
(1970)

(3) J,R

121)
57

mum

85

6390

14
(105)
(0.32)
12.B)

17
(8.7)

JO
39400

21

I2S20)
322 i

(16)
(2440)

(2.5) J,R

(22)
70

miiiiii

65

1450

B.7
299

(.44)

(2420)
9.7

(17)
15300

14

19 i
0.52

(1190)

(847)

(IB)
20

iiiiiiui

43
llllltllll

7200 i 4140

578

114000
(19)

(35)
4420
329

11610)
282 J
(.321
(141

(2170)

(5090)

(121

iiiiiiii

25
IIIIIIUI

19
(51)

(0.34)

(9B2)
16

(7.8)
26

35400
28

(1740)
109 J
0.2
(15)

(2100)

(3.11 J,R
(1120)

(23)
57

iiiiimi

BO

8350

8.9
(101)
(0.98)

3000
19

(191
31

41100
20

4700
924 J

32
(1740)

(2.9) J,R
19711

(21)
96

IIIIIIUI

B4

4310

78
384

(1.1)

10500
14

(13)
24

47800
29

(904)
404 i
10.1)
[22)

(12401

(764)

35
97

llilllill

77

8930

14
(521

(18001 E
IS

(141
28

34400
19

3200
S32

33
11850)

117)
102

tffflfMIl

85

BIBO

14
[581

(12001 E
12

(141
27

24900
14

(2520)
338

(221
(1760)

(131
77

tltillttt

B5

9900 i 10300
1

17
(61)

6850 E
IS

(III
28

27500
17

4420
457
0.2
32

(15701

(17)
103

imiifii

89
IIIIIIUI

IB
(62)

6560 E
IS

(IS)
28

30700
18

4760
496
0.3
36.

11670)

(16)
103

IKIIIIII

89

9790

12
(741

28500 E
14

(7.3)
30

26300
40

(2540)
174

(191
(1760)

116)
83

IIIIIIUI

6)

10BOO

IS
(SB)

7120 E
14

(231
30

26600
13

4B90
315

33
(1850)

(7231

(IS)
80

IIIIIIUI

84

7610

9.2
166)

12850) E
12

(13)
28

24400
IS

(2690)
376

32
(16201

(13)
95

MfltMttl

87

fOOTXOTES:
I: AMlytt DM tin found >• tni libaritory tltnk n Mil u th* -,nili. Indicatn pomtlt/probitlf contuinttiwi.
C: Apphti to DHtmdi pirMtttri «ntft the identification ho btn CMdried ly iC/lfi.
E: Vilui ii ntiuted due to presence o< interference.
Ji An estiiited valw
•i Spike tttplt recovery it not mthin ccntrol luiti.

>•: Siielti inilyted it Mdiui ccncentritioni.
(1: Fasitui vilun leu (DM the contract required detection lint.
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TABLE 2
SUniliI NATIONAL SITE
OFFSIIE SOU SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Sa.pl e Nuiber: 55077001 S5078001 SSO 78002 SS07900I SS06000I SS08300I SSOB3002 SSOB5001 R500700I
S»ple Type: Per-4 Ft. PeriMter Per utter Per-2 Ft. Per -4 Ft. Resident Resident Periiettrfilank

Date Supled: 07/02/86 09/12/84 09/12/86 07/03/86 07/03/86 09/12/86 09/12/86 09/12/86 09/12/86
OTR Ngrier: EC37B EC379 EC380 EC3B1 EC3B2 EC 386 EC367 EC389 EC390
OTR Nu.ber: £8527 EB528 EB529 E8530 EB53I £8534 E8S3S EB537 EB539
ITR Nuiber: NE6827 HE6B2B IECB29 HE6630 KE683I HE683S HE6B36 HE683B HEE839

ORGANIC CODFDUIiDS lunits-ug/kg)
KlfHKifillfltKIIIIIIIIIKflilfllKMIflHIIItflKfHtflillXIfHItlllililfliilllKlffiHillfflMlfllllllifKHffMIfKKItliMHI

VOLATIIES

CHLDROHETHANE
VINYL CHLORIDE
NETHYLENE CHLORIDE 2 J
ACETONE 8 J,B
CARBON BISULFIDE
1,1-DICHLOROETHENE
1,1-DICHLOROETHANE
TRANS-I,2-OICHLOROETHENE
CHLOROFORM
1,2-DICHLOMETHANE
2-BUTANDNE 6 J,B
1,1,1-TRICHLOflOETHANE
1,1,2,2-TETRACHLOROETHANE
TR1CHLOROETHENE
1,1,2-IRICHLOROETHANE
BENZENE
2-HEIANONE
4-HETHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLORDBENZENE
ETHYLBEN/ENE
STYRENE
TOTAL IYLENES
=========================================== s===£=s=r=s=

TOTAL VOLATILES 16

TOTAL TENTATIVELY IDENTIFIED
VOLAULES . 0

2 J
li B

16
12 B

46

0

2 J
35 B

4 J
26 B

=========

67
=========

0

4 J,6
27 B,J

22 B

53

0

64 B
29 B,J

17 B

110

0

6 B
26 8,j

I5B

========

47

0

41 B
27 B,J

IBB

86

0

27 B
13 B

4 J
IOB.J

14 B 4 J,B

54

BASE/NEUTRALS AND AC!['5

N-NITROSOOINETHVLAniNE
PHENOL
ANILINE
1.3-DICHLOROBENfENE
1.4-DIMOROBENiENE
BEN/.VL ALCOHOL
1,2-DICHLOROBENZENE
2-NETHYLPHENOL
BIS(2-CHLOROI50PRI)pyilETHER



PA6E 8

TABLE 2
SU.WII NATIONAL SUE
OFF51TE SOIL SAHPLE RESULTS
SEHEDIAL 1NVEST16ATION REPORT

Saiple Nuiber: SS077001 SS07B001 SS07B002 SS079001 SSOBOOOI SSOB300I SSOB3002 SS085001 RS00700I
Sitple Type Per-4 Ft. Per utter Ptrittttr Per-2 Ft. Per-4 Ft. Resident Resilient Per i»etef Blank

Date Supled: 07/02/B6 09/12/66 09/12/64 07/03/U 07/03/86 09/12/U 09/12/U 09/12/U 09/12/U
DTK Nuiber: EC378 EC379 EC3BO EC3B1 EC3B2 EC386 EC387 EC3I9 EC390
OTR fctber: EB527 EBS28 EBS29 EBS30 EB531 EB534 IKS EB537 EH39
IK faiber: IC6827 HEE82B K6B29 HE6830 HEG831 ICBB35 BE6634 K6838 HE6B39

>lll«IIIHIilf«l«l«lll<><llliHiUHtlll<«*li«IU>Utl«HMIItflfllHHIIHIIIHH<IHIItlll>Hi«IHIfttH<IM«<t>MMUIHMtifHI

4-HE1HVLPHENOL
HEIACHKWOETHANE
ISDPHORQIC
2-NITROPHENU.
2,4-DIHETHVlPHENOL
BEHiOIC Kll
1,2,4-lRICHLOflOBENlENE
NAPHTHALENE 59 i
4-CHLOM-3-KTHYLPHEHOL
2-HETHtLNAPHTrMLEIIE 76 i
HEIACHLOMCfaOPENTAtlENE
DIHETrtVL PHTHALATE
ACENAPHTHYLENE
ACENAPHTHENE
4-NITRDPHENOL
DIKN20FURAN
tlETHYLPHTHALATE
FLIXKENE
N-NUROSODlPHENyLAHlNEIU
HEIACHLOROKIUENE
PENTACHLOROPHENOL
PHHMMTHREK
ANIHRACEK
DI-N-BUTYLPHTHAIA(E 303 J,B
FLUORMIIICNE
PVREHE
BUTVLBENZYLPHTHM.ATE
BENZDIAtMIIHRACENE
IIS(2-ETHYLHEIVL)PHIHALATE
CHRVSENE
Dl-N-OCTYL PHTHALATE
BENIDIBIFLUORIWTHENE
BENZOIKIFLUORANTKENE
BENZDIAIPYRENE
INDENOII,2,3-CD)PyRENE
DIBEN!IA,H)ANttimCENE
BEN10(e,H,llPEfiYLENE

TOTAL BASE/NEUTRALS AND ACIDS 43B
s=3sss=ssss==s= a ==-=:==:=:==== ==;===sas=s=ss===;===sass

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS 1800

285 J

251 J

57 J

235 J

1122 B

469 )

2419
=srs:ze=s

71600

229 )

196 J

458 J,B

BB3
=»:=::»

1700

90 1

660 B
130 i

880
==CK====2

1700

1313 B

1313
===:====!

4400

125 i

125 1

204 J

759 B
328 J
272 J

1813
s:sssxx=

1500

1086 B

206 i

1292
;a=i3»ax

2700

1177 B

1677
=ss«asss

3500

!

303* B

3034
SSSS£5==Z

1970



r

TABLE 2
SUhHIT NftTiCKAl SITE
OFFSIIE SOIL SAMPLE RESULTS
REHEDIAL IWESIIKMION REPORT

Saaple Nuiber: 55077001 SS07B001 SS0760M 55079001
Saiple lype: Per -4 Ft. Perueter Ptrueter Per -2 Ft.

Date SMplid: 07/02/86 09/I2/B6 Of/12/86 07/03/84
OTR Nuiber: ECJ78 EC379 EC3BO EC3B1
OTR Nuiber: EB527 EB52B EB529 EBS30
1TR Nurier: HE6B27 KE6B2B NEBB29 HE6B30

SSOB0001 S50B3001 SS083002 53085001 RS00700I
Per -4 Ft. Resident Resident PeriMterblink
07/03/U 09/12/86 OV/12/Bi M/12/B6 09/12/86
EC382 EC386 EC387 EC589 EC3fO
EB531 EBS34 EB335 EBS37 EB539
NE6B31 HE6B35 HEB836 W6838 HEGBM

PESTICIDES and PCBs

ALPHfi-BHC
BETfl-BHC
DELTA-BHC
BAIfflA-BHC ILiNCflNE;
HEPTACHLOR
ALDR1N
HEPTACHLW EPOI1DE
EHDOSULFA* I
D1ELMIN
4,4-DDE
ENMIN
4,4-MT
TDIAPHENE
(WOCHLOfl-1232
AOOCHLOR-1242
AROCHLW-124B 340
AROCHLDR-1254
H1REI
==============r===============s========================

TOtflL PESTICIDES and PCBs 340
=3==================================================

UfttttlftttfftMHMfritftftmtHttftlHHIMUtflltfftftift IffffHtHt ttllltfff Htfftffttf

3050

3050

3100

3100

39B

398

170

170

4SO

430

540

340

iiiiiiitt tfitiiit muni litttnt

2960

PERCENT H01STURE (VDLA1RESI
llliKlllillitlltltlllKlilllillilltlillllKllllllltillillMMIIIililllllililtllllllllltKlllillltfHIIitilHIIIHIItlllMIIKHlllli



PAGE 3

TABLE 2
5LIHHIT NATIONAL SHE
OFFSITE 5CIL SAMPLE RESULTS
REMEDIAL INVEST IGAT I ON DEPORT

Sanple Nuttier: SS077001 SS07BOOI 55076002 SS079001 SSOB0001 SS083001 SS083002 SS085001 RS007001
Sanplt Type: Per-4 Ft. Periieter Ptriwter Per-2 Ft. Per-4 Ft. Resident Resident PeriKterllank

Date Saipled: 07/02/B6 09/12/86 09/12/B6 07/03/66 07/03/86 09/12/86 09/12/86 09/12/86 09/12/86
DTK Nunber: EC37B EC379 EC380 EC381 EC3B2 EC3B6 EC387 EC389 EC390
OTR Nutber: EB527 EBS2B EBS29 EI530 EB53I EB534 E»535 EI537 EB539
MR Hunter: HE6B27 NE6B2B HE6B29 MESB30 NE683I MEG83S HEBB36 HE683B HEGB39

INOR6ANIC COMPOUNDS (units) H6/K6 Wl HEIGHT
litllillHHIIIIItKliltHllllllllllilltlilillKHIIMKItKIUIIIKillfMiilllfliHUtfitlfHIHHIIIHHMHIIHtlMHIIIIHHKIII

ALIMINUrl 9870
ANTIrXWV
ARSENIC 14
BAftlUH [731
BERYLLIUM
CADNIUn
CALCIUM 7260 E
CHROMIUM IS
COBALT (171
COPPER 2B
IRON 27100
LEAD 14
CYANIDE
NAENESIUH 4270
MN6ANESE 645
HERCURV
NICKEL 40
POTASSIUM 114701
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM 1151
ZINC 97
miffttttHttmotMltHlttMHItltMttfttttfMtftttit
PERCENT MOISTURE
PERCENT SOLIDS B5

10600

18
USD

32900 E
18

[131
38

46200
45

[29101
580

34
1 1220)

1181
I3S

fttttitti

62
§ttfii*fti

11400

18
171

39800 E
20

(121
44

51 70«
42

(31401
513

1311
(1670)

[201
135

timim

60
ttitffft«»i

8220

40
(551

4530 E
13

(14)
26

24700
21

3190
388

28
[14701

(141
104

IIHHIII

85
*ttti*fttt

9190

9.5
[631

3860 E
12

[IB]
26

24800
11

3160
493

30
[16301

1151
75

llliKIII

B4
*lt*tt*f*4

10000

u
119

[1.31

5900 E
IS

(141
35

28000
241

3470
595
0.2
30

[14501

[221
[IB]
341

8120 i 7440 ! 175

13
119

3SBOE
IS

[131
37

27600
184

3240
sie
0.2
28

11190)

(16)
[171
380

toufttmitfiit
i

B7 : B7
• *•>• •«••>•« •>*«***> t

21
1 1001

5180 E
23

(111
119

40700
90

[23301
280

29
115301

(17)
114

ftiiini

84
««»t*ftfl,»l

(4.11

(20701 E
8.7

(7)
169

(3271
(4.11

(7951

[151
(4.91

ttfltttii

100
*•«***<«**

FOOTNOTES:
I: taalytt N« btn <OM* ii tbt laboratory blank a> Mil at tht saMlf. Iriicatn poiiibli/protablt contaiination.
C: Applin to pnticiti paratttiri iriitrt tht idntification kai bin coifirw^ by 6C/HS.
E: Value it ettitated tfu to pretence ai mterttrtict.
J: Ita eitiiattl valw
0: Spikt saaplt rtcovtry ii not mtkii control liwti.

til Satplti jnalyitJ it M ÎU concMtrationi.
II: Pasiti.t valuti lest than tht contract re^nred Itttctioo litit.
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3N3!N330«OWia-Z'l
10H031V 1AZN38

3N3ZM3«0801H3IO-»'l
3N32N3aO!l01H3IO-£'l

3NI1INV
TOHd

a si

r'a si
a'rz

'£[

01

1

1

1 91
It

r £

r'a zf
!'f £

S
-
0£

Ik

r i

r i

s
a 9i
B£

f £

f'8 0£
a'r z

0

4f

r i

a et

8 BI
a'rz

0

/£

1 tl

a n
a'r i

0

8Z

a si

a zt
e'r i

0

(Z

£1
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PA6E 2

1A6LE 3
SUIMIT NATIONAL SITE
SURFACE WTEH SAHPLE RESULTS
REHEDIAL INVESTIGATION REPORT

Saiple Location: H.Pond E.Potid E.Pond Ntst South S.East East East 1st lipd 2nd lapd Nest Ntst 2nd lipd E.Pond E.Pond S.East

Saiple Nurier: SHOO 100 1 SN002001 SNOOS001 SK09700I SNOOS001 SKOOfcOOl SH007001 SUOOBOOl SV009001 SWI0001 SN01I001 SN094001 SNOI2M1 SW13001 SH01400I 5*015001 SN01S002 SNOI6001
SaipU Type: Onsite Onsitc Oosite Blank Upstreai Donnstrtai Oomstrtai Domstrtai Oomstreai Domstreai Do*nstrea» Blank UistriM Upitreai Oomstreai Dnsitt Oisitt Donnstrcai
Date Saipltd: 11/2B/B4 II/2B/B4 11/28/84 11/28/84 11/28/8* I1/2B/B4 11/28/B4 11/2B/B4 I1/2B/B4 11/29/84 11/29/84 11/29/84 09/15/Bk M/I5/B6 09/15/Bk 09/I6/B6 09/16/fld 09/U/Bi

OTR Nuibtr: E9B3S E98U E9B37 E9838 £9839 E9840 E9B4I E9B42 E9B43 E9844 E9845 E9B46 EC343 EC344 EC34S EC 146 EC347 EC34B
ITR Nuioer: DE440B HE4409 NE44IO HE441I HE4412 KE4413 W44I4 ME44I5 NE44U HE4417 NE44IB HE4419 NE67B5 NE67B6 K67B7 HE67BB KEE7B9 K6790

2-HETHYLPHENOL
BISI2-CHLOROISOPROPYL)ETHER
4-HETHYLPHENOL
HE1ACHLOROETHANE
ISOFHOMME
2-NITRDPHENOL
2,4-DIKTHVlPHENOL
BENZOIC ACID
1,2,4-TRlCHLOROBENZENE
NAPHTHALENE
4-CHLORD-3-IIETHVLPHENOL
2-RETHYLNAPHTHALENE
HEIACHLOHOCYCLOPENIA01ENE
DIMETHYL PHTHALATE
ACENAPHTHYLENE
ACENAPH1HENE
4-N1TROPHENOL
DIBEN20FURAN
D1ETHVLPHTHALATE
fLUORENE
N-NIIROSOOIPHENYLAmMEIl)
HE1ACHLORMENZENE
PENTACHLDRWHENOL
PHENANIHRENE
ANTHRACENE
DI-N-BMTVLPHTHALATE
FLIMMNTHENE
PYRENE
BUTYLHNZYIPHTHALATE
BEN20(A)MTHRACEIIE
BIS(2-ETHVLHE1YL)PHTHALATE 10B
CHRVSENE
BI-N-OCTYL PHIHALATE
BENIOIBIFLUWANTHENE
BEN20(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOIl,2,3-CDimENE
DIBENZIA.H)ANTHRACENE
BEN20(B,H,I)PERYLENE
=ssa===============s==================================

TOTAL BASE/NEUTRALS AND ACIDS

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS 270

47 J

25

319

521

20 I

=t======

276

205 200 250

5 J,B

112

190

14

31 J

10 B

345

267

6J,B

6

225

25 B

25

I9/

13 B

1!

451

10 B

==!======*

10

272 200

6 J,8

6
:====:==

43.7

6 J,B

6

24.4

4 J,B

4

0

7 ],B

3 J
3 J
4 J
3 J
3 J
3 J

26

36

10 8,J

10

30.2

4 )

14 B,J

==========

IB

45.1



PA6E 1

TABLE 3
sliltMIl NATIONAL SITE
SURFACE liATER SAflflE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiple Location: N.Pond E.Pond E.Pond Best South S.East East Eist 1st Iipd 2nd Itpil Hest Nest 2nd Iipd E.Pond E.Pond S.East

Saiple Kuiber: SNOOI001 SH00200I SN003001 SWW7001 SH00500I SH006001 SH007001 SH008001 SW0900! SHOtOOOl 5M01IOO! 51096001 SH01200I 5HOI3001 SU014001 SU01SOOI SN01S002 SHOItOO!
Sanple Type: Onsite Onsite Onsite Blink Upstreii Oowittrcu DoMStrMi Domttreu Domstreai Donnstreu Donnstreii Blink Upstreu Upstreii Domstreu Dnsite Onsite Dowistreai
Date Saipled: 11/28/B4 1I/78/B4 11/28/84 11/28/84 11/28/84 11/28/84 11/28/84 11/28/84 11/28/84 11/29/84 11/29/84 1I/29/B4 09/15/86 09/15/86 09/15/Bo 09/16/84 09/lt/Bt 09/16/Bt
DTK Nuiber: E9835 E9B36 E9B37 E983B E9B39 E9B40 E9841 E9842 E9B43 E9844 E9B45 E984i EC343 EC344 EC345 EC346 EC347 EC34B
1TR Muiber: KE440B NE4409 I1E4410 NE4411 NE44I2 HE44I3 HE4414 HE44I5 HE44U K4417 KE44IB HE4419 HE6785 HE67B4 HEG787 HEG788 NE6769 HE6790

PESTICIDES and rCifs

ALFHA-BNC
BETA-BHC
DELTA-BHC
SAHNA-BHC IL1KCANE)
HEPTACHLOR
ALDRIH
HEPTACHLOR EPOIIDE
ENDOSULFAK I
DIELDRI«
4,4-DDE
ENDR1M
4,4-BDI
TOIOfHENE
ARDCW.m-1232
AROCHLOR-1242
AROCHLOfi-1246
ARDCHLOR-1254

TOTAL PESTICIDES and PCBs



(•AGE 1

TABLE 3
SUM IT NATIONAL SUE
SURFACE KATER SAMPLE RESULTS
REMEDIAL INVES1I6ATION REPORT

Saiple Location: N.Pond E.Pond E.Pond Nest South S.East East East 1st Upd 2nd lipd Nest Vest 2nd Itft E.Pond E.Pond S.East

Saiple Nuiber: WOO I 00 I SN00200I SH00300I SW97001 SV00500I SN00600I SIM07001 SN00800I SH009001 SKOIOOOl SW1IOOI 5*096001 SH012001 SNOI300I SU014001 SNOI50C1 SKO 15002 SKO 16001
Saiple Type Onsitt Onsiti Onsitt Blink Upstreai Dowstrea* Domstreai Donnstreai Dowistreai Ooimstreai Domstreai Blank Upstreai Upstreai Dowstreai Onsite Oasite Donnstreai
Date Saipled: 11/28/84 11/28/84 II/2B/84 11/28/84 11/28/84 11/28/84 11/28/84 11/28/84 11/28/84 11/29/84 11/29/84 11/29/84 09/IS/86 09/15/86 09/15/86 09/16/86 09/16/86 09/16/86
DTR Nuiber: E9B3S E9B36 E9B37 E9B38 E9839 E9B40 E9841 E9B42 E9843 E9844 £9845 E9846 EC343 EC344 EC34S EC346 EC347 EC348
ITR Nutter: (IE 4406 KE44«9 NE4410 NE44I1 NE44I2 ME4413 HE44I4 NE44I9 HE44I6 K44I7 K44IB NE4419 ME6785 K67B6 NE6787 HEB78B HE6789 NE6790

INORGANIC COMPOUNDS (units - ppb, euept "here noted otherwise)
tlltltllltllltlfltllliltllKlflllllfliKK

ALUMINUM 17620
ANTIMONY 121
ARSENIC
BARIUM
BERYLLIUM 5
CADMIUM 35
CALCIUM 139000
CHROMIUM 28
COBALT 70
COPPER 102
IRON 5300
LEAD
CYANIDE
MAGNESIUM 32500
NANEANESE 3740
MERCURY
NICKEL 210
POTASSIUM 3670
SELENIUM
SILVER
SODIUM 14700
THALLIUM
TIN
VANADIUM
ZINC 1600
lltittttltt«tttttl<lt>tttttlttttltltttittlftlttlllllt

Total Alkalinity as CaCo3 lig/ll NA
AMORia, as N Itg/l) NA
Nitrate/Nitrite, as N Itg/ll NA
Chloride (ig/I) NA
Suspended Solids (iq/ll NA
Dissolved Solids dg/l) NA
Sulfate lig/ll NA
Acidity lig/l) NA

62

9
232600

68500

85580
8100

54
8450

55000

490
llttltlt

NA
NA
NA
NA
NA
NA
NA
NA

200

25 *,5

171100

51260

63300
6000

45
5730

40500

340
ItMtttl

NA
NA
NA
NA
NA
NA
NA
NA

14B

38
IttitMK

NA
NA
NA
NA
NA
NA
NA

FIELD PARAMETERS
ItKMIItlllltlllllllltllllllMllltltltltlllllKlllllitttttllltilllltlKtttttftttt

pH (standard units) 3.4 I 6.2 6.5 B.O
SPECIFIC CONDUCTANCE (u»hos/ci> 1160 1 1050 1130 0
TEMPERATURE (degrees F) NA i NA NA NA

122900

3200

49650
370

3570

15900

155
iififiiii

NA
NA
NA
NA
NA
NA
NA
NA

570

107000

4120

36290
427

4510

28500

itmmtt
NA
NA
NA
NA
NA
NA
NA
NA

220 ! 20150
94 ! 139

38 »,S
220

9
217800

74600

86400
8000

46
9060

59600

320
tlltlMtti

NA
NA
NA
NA
NA
NA
NA
NA

f §§tt§liV !»w»«»ww»»iwi»Tiw»f »lf

tttttlttttlttlltlttitttMtttft

6.2 6.8 i 6.0
620 BOO i 1240
NA NA ! NA

I
206600

173
70

13000

67700
19000

172
4510

37300

930
Mtuttm

NA
NA
NA
NA
NA
NA
NA
NA

18800
17B

172400

170
60

17560

59550
1700

150
3670

31200

820
itiimtit

NA
NA
NA
NA
NA
NA
NA
NA

105700

100
1500

32510
900

4040

34400

104
tUUtttli

NA
NA
NA
NA
NA
NA
NA
NA

87

E

237300

21100

6BB10
4700

9060

64200

75
fiiiiifin

NA
NA
NA
NA
PH
NA
NA
NA

143

31
MIIHII

NA
NA
NA
NA
NA
NA
NA
NA

3430

[761

361000 E
It

(8.7]
(161
17200

106000
5170

[9.91
20400

124000

(5.6)
58

iittttil
287
2.3

293
486
2340
1050
NR

218 ! 243

136)

386000 E

(I4J
1410

112000
4060

13600

130000

(20)
ilium

244
2.1

213
35

2410
1270
Nn

112)
1

171000 E

[9.41
657

45900
212

18900

38600

(151
ttttitttit

48
0.9

79
21

1060
536
NR

1000

(24)

297000 E

1151
(131
3160

120000
7BOO

(20)
12400

71500

204
ilium

4.6

123
7

2210
1300
43

972

(25)

296000 E
[4.21
(131
[111
3030

120000
7BBO

[20]
12400

72100

202
IIIKIII

4.5

85
7

2090
1330
45

ttittttflittltitlttttlltlttfltllllttlMIIIKttlltllllltttltltlltttilMttMttllttlllllitttttttillttl
3.0 3.0 5.6 ! 5.8 6.6 6.0 7.0 5.5 4.0 4.0
1640 1550 940 ! 1430 0 2400 2400 1210 2000 2000
NA ftt NA ; NA NA NA NA NA NA NA

10400
(43)

(34)

364000 E
22

(151
28

131000

130000
5590

(301
11700

312000

(B.31
292

tuitttm
343
13

242
456
2900
1490
NR

MIIIIIIII

llllllllll
6.0
3000

NA

FOOTNOTES:
B: Analyte has been found in the laboratory blank as nell as the saiple.
E: Value is estimated due to presence of interference.
J: An estimated value
S: Value is detemned by standard addition.
»: Correlation coefficient for aethod of standard addition is less tnjn i

Indicates possible/probable contamination.

995.
"" """ "" """"" "*"'*



PA6E *

TARE 5
SUHII1 NAHDNAL SHE
SURFACE HATER SAMPLE RESULTS
REMEDIAL INVESTI6ATIDN DEPORT

Saiple Location: H.Pond South Berlin Res.

Saiple Nuiber: 6*017001 5101800 1 SKOI900! SM09800I
Saiple Type: Onsite Oomstreai Donnstreii Blank

Date Saipled: 09/16/86 09/I6/B6 09/I7/B6 09/16/86
On Nuiber: EC34? EC350 EC351 EC3S3
ITR Nuiber: MEB791 ME6792 NE6801 NE6803

OR6ANIC CONPOUNOS lunits-ppb)
ininntii«iiiiiinmnnii

VOLATILES

CHLODDKTHANE
VINYL CHLORIDE
M£THYLENE CHLORIDE 2 1,9
ACETONE 47 B,J
CARBON DISULF1DE
1,1-DICHLORflETHENE
1,1-tlCHLOROETHANE
TRANS-I.2-DICHLOROETHENE
CHOROfOWl
1,2-DICHLOROETHAKi
2-MITMHME 11 B
!,1,I-TR1C»ORO£THANE
1,1,2,2-TETIMCHLOROETHME
IRICW.OROETHENE
1,1,2-TRICHLOflOETHANE
BENZENE
2-HEIANONE
4-HETHYL-2-PENTANONE
TETRACHIOROETHENE 24
TOLUENE
CHLOROBEN2ENE 59
ETHYLBEN2ENE
STYRENE
TOTAL IYLENES

TOTAL VQLATILES 143

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 29. 6

7 j
2 J,B

1SB.J

34
7B

78
13 1
»

i

2 3

264

0

7 J,B

1SB

22

0

2J ,B
12 B

16 B

JO

0

BASE/NEUTRALS AND ACIDS

N-NITROSOOlflETHYLAniNE
PHENOL
ANILINE
1.3-DICHLOROBENZENE
1.4-DICHLORDBENJENE
BENIVL ALCOHOL
1,2-DICHLOROBENZENE

49 J

24 j



FA6E 5

TABLE I
SUWIIT NATIONAL SHE
SURFACE KATER S*IIPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Suple Location: N.Pond South Berlin Res.

Saiple Nuiber: SNOI700I SN01B001 SN01900I SN098001
Sup 11 Type: Onsiti Oomstreii OoMittreii Blink

Date Supled: M/16/B6 09/14/86 09/17/U 09/16/66
DTK farter: EC549 EC350 ECJ5I ECI55
IT* Nuiber: HE679I NE6792 KBflOl K6803

tUI»ttM»tMlt«»HIM»IH»l»HII«l»lll«»lHMttlll«lHIHmtt»«»t«lfl«t»limt»»»l»H

2-HE1HYLPHENOL
61512-CHLOROISOPROPyLIETHER
«-«ETHYLPHE«OL
HEIACHLDROETHANE 14 1
1SOPHOROHE
2-NITflOPHENOL
2,4-DllClHfLPHEIIDL
BENZDIC ACID
1,2,4-TRlCHLOROBEHZEHE
NAPHTHALENE
4-CHIWD-3-HETHVLPHENOL
2-KETHVLNAPHTHALENE
HEtACHLDROCVCLDFENTADIENE
DIMETHYL PHTHALATE
ACENAPHTHVLENE
ACENAPHTHENE
4-HITROPHENOl
DIBEN20FURAN
DIETHYLPHTHALATE
FLUORENE
N-NUftOSODinCNYLAniNEIl)
HE1ACHLHIOKNZENE
PENTACHLORDPIfNOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTVUKTHALATE
FLUOMWTHENE
PVRENE
MITVLIENZYIPHTHALATE
BENZDIAIANTHRACEME
BIS(2-ETHYLHEIYL)PHTHALATE 9 J,B 12 B,J 7 J,B
CHRYSENE
DI-N-OCTVL PHTHALATE
KN2DIBIFLUORANTHENE
BENZDIKIFLUORANTHENE
BENiOIAIPYRENE
!NDENOI1,2,3-C!)}FYRENE
DIBENZIA,H)ANTHRACENE
KNZO<e,H,)IPERYLENE

TOTAL BASE/NEUTRALS AND ACIDS

TOTAL TENTATIVELY
IDENTIFIED BASE/HEUTRALS AND ACIDS 95.2

12

27.9 23.2

7

======;=sx
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TABLE J
SUilNIT NATIONAL SITE
SURFACE HATER SA1PLE RESULTS
REHEDIAL INVESTIGATION REPORT

Saiple Location: H.Pond South Berlin Res.

Saiple Nutber: SNOI700I SKOIB001 SH0190DI 5H01BOC1
Siifli Type: Dnsite Donnstrea* Domstreu Blink

Date Saioled: 09/16/86 09/16/B6 09/I7/B6 09/16/86
OTR Huibtr: EC349 EC350 EC551 ECJ53
1TR Nunber: I1E6791 DE6792 NE6801 BE6803

IlllXllftltftf I

PESTICIDES and

ALPHA-BHC
BETA-BHC
DELTA-BHC
6AIMA-BHC iLINDANE)
HEPTACHLOR
ALDRIN
HEPTACHLOR EFOIIDE
ENDOSUIFM I
DIELDRIN
4,4-DBE
ENDR1N
4,4-MT
TOIWHENE
MOCHLOR-1232
AROCHLOR-1242
MDCHLDR-124B
AROCHLDR-1254

TOTAL PESTICIDES and PCBs



PA6E 3

TARE J
SUIMIT NATIONAL SITE
SURFACE HATER SAHPLE RESULTS
REMEDIAL INVESII6AT10N REPORT

Saiple Location: N.Pond South Berlin RK.

Saiple Nu«oer: SNOI700I 5*018001 SW19001 SN09BOOI
Saiple Type: Onsitt Diw»trtu Dowttnu Blink

Date Saipled: M/16/84 09/16/66 09/17/86 09/16/86
DTK Nutter: EC349 EC350 EC3S1 EC393
ITR farter: ME679I ME6792 HE6B01 NEG603

tttttiiittitiitfitttitttitittitittttttttttttmtitttiimittttitttimttittttittiiitttt
1NORBANIC COMPOUNDS (units - ppb, except Khere noted otbermst)
iiiitttitttftftMtttiHtttittfiittttiutiimittuituiHmmttMtutfimuitiUitti
AluKINlM
AHTIWWY
ARSENIC
BARIUH
BERyiLIUH
CADH1UK
CALCIUH
CHROrllUH
COBALT
COPPER
IROK
LEAD
CYAKIOE
KA6NESIUH
KAN6ANE5E
NERCURV
NICKEL
POIASSlUh
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM
2INC

39BOO

27 S
19.91
(7.91

23
162000 E

21
123
122

B740

44500
4760

322
62BO
16 S

15200

1660
tllfllHIIHtfllfffltlllllllllflfflflHttlllfltttftfff

Totil Alkalinity K CaCo3 lig/ll
Auonii, n N lig'i)
Nitrite/Nitrite, as N liq;ll
Chloride tig/l)
Suspended Solids (tq/1)
Dissolved Solids <*)/]>
Sultate lif/ll
Acidity (ig/l)

47
41

1320
B90
320

(194}

3B3000 E

(231
(101
B920

92900
3670

62
9700

142000

40
IIIIIIIIIH

199
2.6

144
33

2320
1200

NR

843

(46)

94400 E

18.91
1370

30700
944

[9.91
6490

30200

(141
IIIIIIIIIH

104

97
24

991
299
NR

[411

[S.ll

1926) E

110)
11B1

[7.1]
Illilttll

4.2
UlUtMKHIMUmUKKItHMHttMtttftiltlimtMMttttlttttfittiltttitmmtilfl
FIELD PARAMETERS

pH (standard units) 4.0 ! 6.9 I 12.0 NA
SPECIFIC CONDUCTANCE (uihos/ci) . 1440 ! 1339 i 690 NA
TEMPERATURE (degrees Fl NA i NA ! 72 MA
•••••••••••llttllttttttttllttltltlttttltitttlttttttllttfttiltltttlttttlftlltltfHtlftll

FOOTNOTES:
I: Analyte hai bet* (nnd in tbe liboritory blank a; nrll at Int ia«tlt. Iriitatn posiiblt/crobable cmtwinttin.
E: Value is estimated due to presence cf inter'erencr.
J: An ntiiated Mine
S: Value is dtttrnntd by standard add,ho,. "! '™li™ "\m '"' ttllB

»: Cf relation coeMicient (or lethod of itandard addition 15 Ins "•>- •.««.
Suit.
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TABLE 4
SUmiT NATIONAL SITE
SEDIMENT SOIL SAMPLE RESULTS
REMEDIAL INVEST1EATION REPORT

Saiple Location: E. Pond E.Pood E.Pond E.Pond V.Pond N.Pond N.Pond N.Pond N.Pond Vest Best Nest South South South East East East

Saiple Nuiber: SDOOI001
Saiple Type: Dnsite
Date Saipled: 11/26/64
OTR Nuiber: £9726
1TR Huiber: MEA234

SD00200I SD003001 SD00400I SD00600I SD00700I SDDOB001 SD00900I SDOIOOOI SD01100I SD012CJI SM13001 SDOUOOt SD015001 SOOI600I SDOI700I SDOIBOOt SD01900I
Onsite Onsite Onsite Ootite Onsite Dnsite Onsite Onsite Upstreai Upstreai Upstreai Dowistreai Domstrea* Dowtstreai Oonnstreai Domstreai Doonstreai
II/26/B4 11/26/84 11/26/84 11/26/84 11/26/64 11/26/84 11/26/84 11/26/84 11/26/84 11/27/64 11/27/64 11/27/84 11/27/64 11/27/84 11/27/64 11/27/84 11/27/84
E9727 E972B E9729 E973I E9732 E9733 E9734 E9735 E9736 E9737 E9738 E9739 E9740 E9B19, £9820 E9B2I £9822
HEA235 NEA236 MEA237 HEA239 HEA240 MEA241 MEA242 NEA243 MEA244 MEA245 MEA246 NEA247 NEA248 NEA300 HEA301 NEA302 MEA303

DR6ANIC COMPOUNDS (units-ug/kg)

VOLATILES

CHLOROMETHANE
VINYL CHLORIDE
KTHYLENE CHLORIDE
ACETONE
CARBON DISULF1DE
1,1-giCHLDROETHENE
1.1-giCHLOROETHANE
TRANS-1,2-DICHLOROETHENE
CHLOROFORM
1.2-giCHLOMETHANE
2-gUTANONE
1,1,1-TRICHLOROETHANE
1,1,2,2-TETRACHIDflDEJHANE
TRICHLOROETHENE
DIBROKOCKLOROHETHANE
1,1,2-TRICHLOROETHANE
BENZENE
2-HEIANONE
4-METHYL-2-PENTANOHE
TETRACHLDROEMNE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL IVLEHES
*es*s=*=s===================================•

TOTAL VOLATILES
==s»r«ss3=================================:

TOTAL TENTATIVELY IDENTIFIED
VOLATILES
===========================

B9.9
85

30.5 A

15 A

20 A

==========================

240

)
153

361
510 A

IB

24 A

========

913
========

270

32 A

32

0

192
424

156

23 A

130
146

1071

0

41000 II

174000 »

16000 A,n

78000 II
==========

309000
=======3==

0

2200 ii
2600 H

4800 ii
12000 II

500 H

1000 ii
4300 H

8200 ii

35600

1800

B300 A, II

8900 II
18000 H
2500 A, H

21000 H

28000 II

92000 H

17B700

0

! !

4600 H ! 220
! 300 A
1
1
i 86
1 9 A

7400 H 1 690
15000 H 1
1200 A, Hi SO A

! 12 A
1

j

15000 ii ! 12 A
610 A, H !
24000 H 1 16 A

83000 H !

150810 1 1395

2000 ! 20

230

230

0

135

135

0

340

340

0

380

290

110 A

780

0

210

66

33 A

309

0

400

15 A

415

0

400

==========

400

0

670

670

0

590

==========

590

0

BASE/NEUTRALS AND ACIDS

N-NITROSDD1METHYLAMINE
PHENOL
ANILINE
1,3-DICHLDROBENZENE
1,4-OICHLBROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-HETHYLPHENOL
BISI2-CHLOROISDPROPVDETHER



000(1

==========
0541

V 0*9

V 0*9
Of?

Illllltttli
£0»3U

ZZ843
aiai\\

I004IOHS

ooonz

==========

lititMttti

ZO£«3H
IZ843

M/tZ/II

I008IOOS

0

Illllllllll

10CV3H
OZ843

niun\

100(1005

ooa

08ZI

084

00!

IIIIHIIHI

OOt«3H
41843

M/tt/lt

IOWIOK

ooze:

08KI
==========

00051

« oat

IIMttittll

SHUSH
ott*3

M/tZ/tl

lOOSIOtS

ooaoi
======5===

084tl
======!===

V 045
0001 1

VOU

V OOZ1

V008

liliiHIMI

mm
4£(43

t8/tf/U

lOOtlOOS

005U

========

0049
OOK
OOZS

000£1

00091

0004

00091
000»Z

0055
00»9

OOK

V OOIZ

V 0011
V 0011

V 0£?

0091

tltlHItt

9tZ«3H
8£(43

t8/iZ/U

IOOI1MS

0

========

StZHH
(£(43

M/tZ/ll

IOOZKHS

0

ititom
»tZV3H
9£(43

nmin
1001 IOCS

00851

OZ49Z

oootz

«OZ9

VOOZI

V 0011

lilltlttt

CHV3H
S£(43

Mm/n

I000100S

OOB6ZZ

=========

00119
===s=====

V 00(5

ooots

VOOOI

OOK

IIIIHItl
ZtZHBH
t£i43

V8/9Z/1I

10040005

00£IS£

=========

otttoi
==s===z==

00t4

00018

0051

V 00(Z

»W8

liiiiiiii
ItZVD
££(43

V8/9Z/II

IOOBOOOS

OOI£Z

========

049t£

00£Z

OOOIf

V 04£

XHMIII

OKV3H
Z£(43

»8/9Z/ II

100(0005

009ZS

==========

ooou

OOOK

IIIHtillKI

4£»3H
l£(43

t8/9Z/ll

10090005

0004»

00001 1
========

OOOtl

00094

(limit
(EZ««
4Z(43

t8/»Z/II

IOOMMS

000£

========

00081
========

00081

IIHIIII
9£ZV3H
BZ(43

M/9Z/11

IOO£OOOS

000(

005(1

OOSZ

00051

IIHIIIII

StZ«M
(Z(63

ta/9Z/II

lOOZOOOS

oooz sanu ONV siv!iin3N/3SV8 OSIJIINSOI
A13MHI1N31 1V101

OZ909 SQIDD w sivmnsK/jsoa ivioi

3N31AH3dlI
l
H

>
9)OZN39

3N33VHHlW(H'«IZN3aiO

"""'"iBWWMfflS

loSiraiiloiiaS
OOZS 3inWUI<l 1A130-N-IO

3R3SAHHO
OOOZ5 31VltfHlH<l(lAI3H1AH13-Z)SI<

3H33WH1WI»)0!H38
31V1WlHd1Alll381All«

3K3«Ad
3«HI»«IOmj

3N3nnMim
V 04t 3M3HH1NVN3IM

10K3HJOI10H3V1N3J
V 0801 3N3IN380WTKW13H

(l)3KIMtn«3HdIOOS0811M-l<
»3wmj

""wSMIQ

3N3H1H<IVN3»
3K31AH1HWN33V

31«1*HIH<) 1AH13HIQ
3N3IOVlN3d01]A30!l01H3V13H

V 001 1 3X31WUH<IWUM3H-Z
™3H<n*H13«-£-0»inH3-»

V 05( 3N31VH1IUW

OHK 3IOZN38

TttOHdOHlIH-Z

3NWU3Di)01HaVI3H

lllllllllllll»llllf><IIHt«ll«IIHII«IIIIIHHII>ll<

t£ZV3H =^1
in
K 811

9Zit3 '-"Oinil 810
t8/9Z/ll ip»l*«S ai'O.

lOOIOOIIS '-"O""!! »I«"S

mOd3» WI1V9I1S3AIII 1«I(I3U3II
31dNVS 1IOS 1X3HIQ3S
3iis •NMOiim iiuuns



•IttlUftlt

•MtlMtli
==========

==========

itHitmi

Mtllltllf

==========

==========

tmiftllM

tlltllftltt

==========

Illlllll*!

UiiHtiM
==========

Illllllllf

littlftMl*
==========

04Z

V 06Z

imiifttt

ttllliiltl
==========

ooz»

» ooz»

Illlllll

Illlllll
====SI==

IIHIIII

Illlllll
*=*==;==

!
Hlllllllllllllll

!
lllllllllilMMII
=================

; 0011
!
: » ooti
!

i
1

;
J
!
!
!
!
!

lllllllll

Illlllill

=========

0019

V 0019

i : ;

IHIIIIII

IIIIIIIH
=========
0069

» 0069

IIHIIII

IIHIIII
=====«=

001!

V OOIS

Illlllllll

Illlllllll
==========
ooost

3 ooos;

IIHIIII

IIHIHI
========

IHHill

IIHIIII
-========

IHHHI

Illlllll

========

IVN8) 38niSIDN !N33a3d
IHHHHIHIHHHIHHHIHHIIHHHIHHHIHIHII

IS31I1V1GA) 38H1SIDU !N33il3d
HHHIHHIHHHHIHHHIHIHItHIHIHIIHHHHI
============================r===:r==:^===============

«83d PU' 530131153d 10101

»SZI-S01H30W
8K!-S01H30!ffl
Z»ZI-»OTH30W

3N3Hd«I01
in-t't
NIHR3

NIIHI13ia
I IWJTIlSfMIG

30IIDd3 H01H3VU3H
NIHOTO

dOTH3»ld3H
t ̂uHiyin nun Hmmn IjUVUnt II JnQ VHHV3

3H8-V13B
3H8-Wd1«

iOtV3U ZOt«3U IOtV3U 00£«3N 8»Z«3N aZ«3U 9KV3U
IZ843 OZ843 61863 Ot/63 6U63

Z>Z«3H ltZ«3H 0»ZV3U KlVHt LW3U 9£Z«3U 9tZV3U KZV3U :
fU43 21/43 Iti43 iZ/43 BZ/63

>8/9Z/II »8/9Z.'!l »8/9Z/H »8/9Z/M I8/9Z/II

I006IOOS I008IOOS IOMIOQS I009IOQS IOOSIOOS tOOtlOOS IflOHOdS IOOZIOOS 10011005 I000100S lOOiOOOS 10080003 lOOiOOOS 10090005 IOO»OOOS IOOIOOOS IOOZ0005 100IOOOS •

D1I

»8/9Z/II

puoj-jpuoj'3 pooj-3 puoj-j puaj '3 :u3(d»pc

P« S30I3I1S3J

3H N011V9I1S3ANI 1«IQ3U3>I
5imS3H 31JMVS 1105 1N3U1Q3S

3iis IVNOIIVN iiuuns



PAGE 1

TAFU 4
SUMMIT NATIONAL SHE
SEDIMENT SOIL SAHPLE RESULTS
BEBEDISL INVESTI6A1ION REPCfll

Saiple Location: E. Pond E.Pond E.Pond E.Pond N.Pond N.Pond V.Pond N.Pond N.Pond Vest Nest Nest South South South East East East

Saiple Nuiber: SD00100I SD002001 S0003001 SD004MI SD00600I
Satple Type: Onsite Onsite Onsite Onsite Onsite
Date Saipled: 11/26/84 11/24/64 11/26/84 11/26/64 11/26/84
OTR Nuiber: E9724 E9727 £9728 E9729 E973I
ITR Nuiber: MEA234 MEA235 MEA236 HEA237 HEA239

SD00700I S0006001 SD00900I 50010001 SDOllOOl SD01200I SD013001 50014001 SDOIS001 SOOltOOl SDOI700I SDOIBOOl SD01900I
Onsite Onsite Onsite Onsite Upstreai Upstreai Upstreu DoMstreai Dowistreai Domitriai Doinstreai Dowistreai Dowistreu
11/24/84 11/26/84 11/26/84 11/24/84 11/24/64 11/27/84 11/27/64 11/27/84 11/27/84 11/77/84 11/27/84 11/27/84 11/27/84
E9732 E9733 E9734 E9735 E9736 E9737 E9738 E9739 E9740 E9B19 E9B20 E9821 E9822
MEA240 MEA24I MEA242 NEA243 NEA244 KEA245 NEA244 MEA247 HEA248 NEA300 NEA301 NEA302 HEA303

UOR6ANIC COHPOUHDS (units) HG/K6 DRV VEI6HT

ALUMINUM 7326
ANTIMONY
ARSENIC
DARIUM 1691 R
BERYLLIUM
CADMIUM
CALCIUM (8121
CHROMIUM 35 R
COBALT
COPPER 41 R
IRON 38514
LEAD
CYANIDE
MAGNESIUM (18781
MANGANESE 104 R
MERCURY .26
NICKEL
POTASSIUM [7671
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM [261 R
ZINC 100 R,E
UtttUIUttttlUUtttltUUUUUUUUUUUUIUIII

PERCENT MOISTURE

7527

1871 R

[9401
12 R

45 R
30728

46

119521
102 R
.17

(24) R

(221 R
280 R,E
fiiiflfi

7529

(1011 R

[8481
55 R

49 R
34676

16

12153)
103 R
.29

(211 R

1231 R
195 R,E
UIIIIU

PERCENT SOLIDS 48.3 i 58.4 1 51.6

6453

(82) R

(11241
46 R

44 R
30921
.47

(16241
92 R
.19

(21) R
(1224)

[241 R
195 R,E
muni

57.1

7239
14B R

(95) R

4445
55 R

42 R
40245

42

(2447)
206 R

,3
(27) R
(1301)

(341 R
477 R,E

IIHItiiit

7454

(681 R

(23671
48 R

44 R
72667

43

(23631
328 R
.18

37 R
(10331

(351 R
915 R,E
fliinil

66.1 ! 56.B

4660

(721 R
4.3

(10441
24 R

23 R
47407

33

(16911
124 R
.16

(231 R
1808)

(271 R
254 R,E
iiiiinii

4947

(641 R

(916)
15 R

24 R
44309.

23

(IB70)
90 R

(1B1 R
(10061

(271 R
71 R,E

iiiiinii

5228

(56) R

(692)
20 R

18 R
343S4

24

[18861
113 R
.21

(19) R
(760)

(27) R
134 R,E
Iftillli

6603

(59) R

[28551

(16) R
(17) R
25682

20

3247
447 R

30 R

(24) R
65R.E
ilium

5262

(731 R

(13731
20 R

(IS) R
(IB) R
24873

23

(1798)
216 R

29R

(20) R
7BR,E
iiiiiui

64.2 i 70.2 ! 71.9 ! 78.5 ! 75.6

6925 ! 8994

(87) R

4.6 R
6112

(17) R
(14) R
26380

40

(25071
547 R

[22) R
72R.E
IIIIIUI

1119) R

11 R
17236
41 R

38 R
49120

47

129411
377 R

(36) R

(25) R
121 R,E

iiiiiiuii

47.0 1 4B.3

1490S ! 13102 ! 7109

(135) R

II R
15024
23 R

(21) R
79 It
49132

64

(4017)
701 R

(341 R
(1656)

(361 R
165 R,E

IIIIIIUII

57.6

(1171 R

14 R
5393
29 R

(221 R
89 R
61 188

41

(3847)
892 R
.15

46 R
(1330)

(33) R
204 R,E

tttttlHU

64. B

(65) R

11 R
(9751
12 R

26 R
60960

68

(12401
112 R

(26) R
44R.E

iiiiiiiiu

51.6

3682

16 R
(17401

57 R
92512

69

(10151
244 R

(15741

89 R,E
IIIIIIUII

40.4

96B9

(111) R

IB R
(16831

14 R

66R
9B360

134

(1781)
248 R

(22) R

(30) R
125 R,E

IIIIIIIIU

50.1

FOOTNOTES:
A: Detected itlon quutitation liiit (Ouantitation lint is 10 I DL)
I: Antlyte has keen found in the laboratory blank as veil as the saiple. Indicates possible/probable contamination.
C: Applies to pesticide parameters iihere the identification has been confined by 6C/KS.
E: Value is estiuted due to presence of interference.
J: An estimated value
R: Spike saiple recovery is not mthin control Units.
": Sup Its analyied at (ediui concentrations.
(1: Positive values less than the contract required detection lieit.



PAGE 4

TABLE 4
SUMMIT NATIONAL SITE
SEDIMENT SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiplt Location: East S.Eatt 5.East S.East 1st lipd 1st lipd 1st lipd 1st Upd 2nd Itfd 2nd Upd 2nd lipd 2nd lipd Nest E.Pond N.Pond

Saiple Nuiber: SD020001 SD02100I S0022001 SD023001 SD02400I SD025001 SD026001 SD027001 SD02BOOI SD02900I 5003 WO 1 50098001 S0099001 SD03I001 5D03200I
Saiple Type: Dmnstreai Domstrtai Domstreu Oomstrtu Domstreai Donnstrm Dowistreai Dnmstrtai DoMistnai Oomiitrtai Dowistrtai Blank Blank Oowistreai Upstreai
Date Saipled: 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/24/84 09/15/86 09/16/84
DTK Nuiber: E982! E9824 E9B25 E9B26 E9B27 E9828 E9829 E9830 E9B31 E9B32 E9B33 E9834 E9730 EC3S4 EC355
ITR Nuiber: KEA304 MEA305 HEA306 NEA307 MEA30B HE4401 HE4402 NE4403 ME4404 HE440S ft 4406 ME4407 KEA238 KE6804 ME6B05

SD033001 S003400I
Onsite Onsite
09/14/86 09/17/86
EC356 EC3S7
HE6806 ME6807

ORGANIC CONFOUNDS lunits-ug/kg)
ltflllfHI
VOLATILES

CHLOROKETHANE
VINVL CHLORIDE
NETHVLENE CHLORIDE
ACETONE
CARION DISaFIDE
1,1-BtCHLOROETHENE
1.1-DICHUH)OETHANE
TRMS-l,2-eiaiOROETHENE
CHLOROFORM
1.2-OICHLOROETHME
2-BUTAMNE
1,1,1-TRICHLORDETHANE
1,1,2,2-TETRACHLDROETHANE
TRICHLORDETHENE
DIBROMOCHLORDHETHANE
1,1,2-TRICHLOROETHANE
BENIENE
2-HEIANONE
4-HETHVL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CaOROBENZENE
ETHVLBEN2ENE
STVRENE
TOTAL IYLENES

TOTAL VOLATILES

TOTAL TENTATIVELY IDENTIFIED
VOLATILES

300

300

0

30 A

220

250

0

SI A

SI

0

83

240

323

0

140 A
440 A

820

0

84 A
410

494

0

200
1400

1600

0

72

72

0

100 A

100

0

120

120

0

160

140

0

24 A

24

0

17 A

17

0

10 J
IS J

423

448

0

4J,8

SOB J

514

0

B J,B

13
69

IOS

10

205

0

SO

14

14

495

B J

SB!

44

BASE/NEUTRALS AND ACIDS

N-NITRDSODIHETHYLAnlNE
PHENOL
ANILINE

ENiENE
ENIENE
I

OBENZENE
tNOL

»ROiSOPROPVUE[HEB



PA6E 5

TARE 4
SUIM1T NATIONAL SITE
SEDIMENT SOIL SAHPLE RESULTS
REKED1AL IWEST16AT10M RtPOST

:i>clE location: Eiit S.E»st S.Eltt S.Eist lit lipd 1st lipd lit lipd 1st Iipd 2nd 2nd Iipd 2nd Iipd 2nd lipd Nest E.Pond H.Pond

S»plt Nuiber: SD020001 SM21001 SD022001 SM23001 50024001 S0025001 SD026001 SD027001 S0029001 SD02900I SK30001 SM9BOOI SOM900I SW3100I SD03200I
Sup 11 Type: Domstreii DomitriM Bowitrfn DomitrtH Donnitreu Doraitrtu DoMiitrm Donnstrm Bomstrtu Dnmitriu tomstrtii lluk Blink InmstrtM Upstrcii
Ditt Supledi 11/27/84 11/27/B4 11/27/84 11/27/84 II/27/B4 11/27/84 11/27/84 11/27/84 11/27/B4 11/27/84 11/27/84 11/27/84 11/26/84 09/15/86 09/16/86
DTK Nuibtr: E9823 E9824 E9B2S E9826 E9B27 E982B E9829 E9830 E9831 E9B32 E9833 E9834 E9730 EC354 EC3SS
ITR Nuibtr: KA304 BEA305 KA306 KAJ07 KA308 K4401 HE4402 HE4403 KE4404 IIE4405 K4406 K4407 HEA238 HE6B04 RE6B05

SD033001 S0034001
flusitt Onsitt
09/16/86 09/17/86
EC356 EC3S7
NES806 HEB807

MUttittilM

4-NETHYLPHENOL
HEIACHLOROETNANE
ISOPHOROK
2-NUROPHENDL
2,4-DIDETHVLPHENOL
BENZOIC ACID
1,2,4-TRlCHLOROBENZENE
NAPHTHALENE
4-CHLORO-3-HETHYLPHEKOL
2-NETHYLNAPHTHALENE 430 A
HEIACHLOKKYCLOPENTADIENE
DIHETHYL PHTHALATE
ACENAPHTHYUNE
ACENAPHTHENE
4-NITRDPHENOL
DIBENZDFURAN
OIETHVLPHTHALAIE
FLUORENE
N-NITROSODlPHEKYLAHiNE(U
HEIACHLWOKNZEK
PENTACHUMflPHENM.
PHENANTHRENE
ANTHRACENE
DI-K-BUTYLPHTHALATE
FLUORWTHENE 630 A
PYRENE 610 A
BUTYLKNZYLPHTHALATE
BEHZOItlMTWMCEK
B1SI2-ETHVLHEIYLIPHTHALATE
CHRYSEK
tl-N-OCTYL PHTHALATE
BENZO(8)FU0MirrHEIIE 450 A
BENZOIKIFLUIHUMITHENE
BENZBIAIPYRENE
1NDENO{|,2,3-CDIPYRENE
DIBEN1IA,H)ANTHRACEI!E
BEN1DI6,H,1)PERVU«
==;====ss= ======= ==;s======================s===ss==s==r=

TOTAL BASE/NEUTRALS AND ACIDS 2120

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS 3000

780 A

7BO

0

26000

26000

2000

5700

==========

5700

0

950 A

==========

950

4100 0 12900

2100

2400 A

370 A

1700 A

6570

21900

=======£==

15000

470 A

580 A

470 A

1000 A

2520

20900

2800

24000

26BOO

119000 0

S5£XX8£S

0

809 J

4313 B

296 J,B

997 J,B

6415

4900

409 J

2398 B

124 J

197 1

312B

8200

210 J

182 )

490 )
SIB J

168 )

2521 1

9244

========

13333

20800

29703 J

========

29703

0
=========
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PA6E 2

TABLE 4
SUIWII NATIONAL SITE
SEDIHENT SOIL SABRE RESULTS
PEW5IAL INVESTIBATION F.EPCRT

Satplt Location: East S.East S.East S.East lit Itpd 1st lipd 1st liod 1st lipd 2nd lipd 2nd Upd 2nd lapd 2nd lipd Nest E.Pond K.Pond

Saeple Nutber: SD020001 SD02I001 SD02200I SD023001 S0024001 SD025001 SD026001 SD02700I 50028001 SD02900I SD03000I SD09BOOI S009900I SD03I001 SD03200I SD033001 SD03400I
Sup It Type: Dowistrean Donnstreai Dowistrtai Oomstreai Dowistrtai Dowistreai Donnstrtu Dowstreai Domtstrtai Domstreat Doonstreu Blank Blank Bcwnstriai Upstreai Onsite Onsite

Date Saitled: 11/27/B4 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/27/84 11/26/84 09/15/86 09/16/86 09/16/86 09/17/86
OTR Noiber: E9B23 £9824 E9B25 E9B26 E9B27 E9828 E9829 E9830 E9831 E9B32 E9B33 E9834 E9730 EC3S4 EC355 EC356 EC3S7
ITR Nutber: HEA304 HEA305 HEA306 NEA307 NEA308 NE440I NE4402 * HE'403 ME4404 NE4405 NE4406 ME4407 HEA238 NEGB04 HEGB05 MEGB06 HE6B07

INOD6AKIC COWOUNDS (units) K6/K6 DRV HEIEHT

ALUMINUM 10556
ANTIMONY
ARSENIC
BARIUM (118) R
BERYLLIUM
CADMIUM 14 R
CALCIUM (15691
CHROMIUM 26 R
COBALT
COPPER 54 R
IRON 83716
LEAD 96
CYANIDE
MAGNESIUM [19431
MANGANESE 215 R
MERCURY
NICKEL (191 R
POTASSIUM [15801
SELENIUM
SILVER
SODIUM
THALLIUM
TIN
VANADIUM (341 R
ZINC 100 R,E
ItlllflfllllllKIIKIIilllUlllfKIIMIIIIIIIIIIIIfMtM

PERCENT MOISTURE
PERCENT SOLIDS 52.2

8337

(74)

19
(1852)

18 R

42
92589

25

(16051
183

48
(9071

(28)
1254

iifiiititi

56.0

7512

153)

II
(2055)

21 R

33
57588

35

(17671
192

(261

(251
452

itifHtm

53.7

12899

(811

12
(3208)
25 R

42
67537

32

(3033)
369

(341
[13141

(26)
566

UftttlHI

53.8

12058

8.1
79795
I5R

(311
29295

23
,

I8B97
1178

(6410)

(331
81

mtiitftt

38.9

15431

11271

7.0
50010
34 R

42
39240

38

B039
1708

(37)
(10761

(37)
172

Ililililil

48.7

I092B

(96)

6.4
39068
23 R

38
31042

42

7417
1390

(26)
(1400)

(291
134

iiifiiifii

45.6

7286

(1301

5.9
9365
23 R

32
40380

28

4326
2014

28
(1555)

(281
279

litfiiiifi

72.4

20747

(821

9.9
141761
36 R

30
62602

49

6260
342
.24
(391

(31731

(41)
117

Hlfllllil

41.5

6675 ! ISB21 '.

(821

7.3
(15621

IB R

22
50885

14

(2446)
107
.23

(976)

(27)
60

fttmiio

64.4

17
(2803)
28 R

33
113877

[45461
463
.24

(311
(2042)

(341
124

IIIIIIHII

41.4
l<lltlll>llt><lllll>ll>illlllllll<>IMItlll>l<IIIIIIIIIUI>IIIIIIIIIUII(lllllllllllilllltlll<HHIIIIHIIII«HIIIIII*ll«llll«llllllllllllliHltlil>lllllllll«l<lllll

(6021

166

161

(304)

170

22300

27
(90)

(54201
29

(251
(351
76300

28

(8240)
542

(651
(3180)

(18301

(31)
200

ilttfitiii

30

9560

(128)

(2840)
to

(71
1171
12400

IB

117901
109

(16)
(8631

(211
52

itniiiiii

72

7310
68
14

(98)

10500
37

(131
62

31800
92

(25101
390

32
(1310)

(141
413

IIIKIII

71

8540

26
(120)

(1240)
36

(101
50

45300
48

5.2 R
(2410)

141

(23)
(2110)

(1310!

(18)
167

mill it

50

(1562) (747)

(12)

99.9 99.9
ItMUttlMlftftttittttittttlttmtUMMIUIIItttttUtiM

FOOTNOTES:
A:
I:
C:
E:
J:
R:

i>:
(1:

tttictid kilm quintitation Init IBuntitatiM lint it 10 I DLI
Analyti hai btw fowd in tkt laboratory blank as nil as tat saialt. Indicatn lOttibU/irobaiJi contamination.
Aiplm to ptstuidf parancttrs «h«rt thi identification its btn confirm by BC/ltS.
Valui it tstioatid dut to prismi of nttrfir«ci.
An tstiMttd «alui
Spikt sanilt movtry is not nithin control liiits.
Saiples analyitd at atdiui concentrations.
Positive values less than the contract required detection liiit.
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PAEE B

1AHE 4
SUIHI1I NATIONAL SITE
SEDIMENT SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiple Location: H.Pond H.Pond V.Pood E.Pond E.Pond 1st lipd Nttt Nttt S.Eist South East

Snplt Nuiber: SD03500I S0039002 SD036001 SD037001 5003800I SD039001 SD04000I 50040002 SD04IOOI S004200I SD04300I SD097001
Saiplt Typi: Onsiti Onsiti Ontiti Ontiti Onsite Dwnstrtai Upttriu UpttrtM tanitrtu Bamstrui tanstrcai Bluk

Date Saipltd: 09/16/86 09/14/86 09/17/B6 09/17/86 09/17/86 09/17/86 09/17/86 09/17/84 09/17/86 09/17/86 09/17/86 09/17/86
OTR Nuibtr: EC3S8 EC359 EC360 EC361 ECI62 EC363 EC364 EC365 EC366 EC367 EC368 EC369
ITR Nuigtr: ME6808 NE6809 MEG810 HE6811 HEG812 HE8B13 ME6814 ME6BI5 NE6816 K68I7 ME6818 ME6BI9

4-HETHVLPHENOL
HEIKHUMOEIHANE
ISOPHORONE
2-NITROPHENOL
2,4-DIMETHYLPHEKOL
8EWOIC ACID
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOm-3-NETHVLPHENOL
2-METHn.WPHTHALENE
HEIACHLOROCVCIOPENTADIENE
DIMETHYL PNTHALATE
ACENAPHTHVLENE
ACENAPHTHENE
4-NITROPHENOL
DIBENZOFURAN
DIETHYLPHTHALATE
FLUORENE
N-NITROSODIPMEIIVLAIIINEII)
HEIACHLOROBENZENE
PENTACHLBROPHEMl
PHENANTHREK
ANTHRACENE
DH-BUTYLPHTHALATE
FLUOMNTHENE
PYRENE
WTYLIENZYLPmHALATE
BEKZOIAIANTHtACENE
BISI2-ETHVLHEiyDPHTHALATE 16398 J
CHRVSENE
Dl-N-OCTYL PHTHM.AIE
BENZOI8IFIUORANTHENE
BENZOIKIFLUMAinHENE
BENZOIAIPVRENE
INDENO<1,2,3-CDIPVRENE
DIBENZIA.HIANTHRACENE
BENZOie.H.IIPERYLENE

TOTAL BASE/NEUIRALS AND ACIDS U39B

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS 0

8262 J

5129 J

13390

7000

11546 1

12133 J

23679
========

0

22951 J

291808

55738 J

370497
===SSS;=;

25000

1095 J

6714 B

8481

339 i

16629
========

8400

395 J

455 J

1727 j

682 J

8636 B
309 J
359 J

5909 J

2045 J

20517

9900

997 J

809 J

377 j

5121
539
485

270
701

243 1

197 1

9739

10600

583 J

107 )

267 J

4612
583 J
510 J

243 J
704 J
267 J

413 J

8847

2700

:

7336 B

1197 J

8533

2900

i

715 J

666 J

1B3 J

4825

6389

6000

«•

137 J

2203 B

2340

5400

331 J,B

331

2000



PAGE 9

TABLE 4
SUMMIT NATIONAL SHE
SEDIMENT SOIL SAMPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Saiple Location: Y.Pond N.Pond N.Pond E.Pond E.Pond 1st lipd test Vest S.East South East

Saiple Nuioer: SD035001 SD035002 50056001 SD037001 SD03800I SD03900I SD04000I SM40002 SD04IOOI SD042001 SD04300I SD097001
Saiple Type: Onsite Onsitt Onsite Onsite Dnsite Domistreai Upstrtu Upstreai Dowistreu Domstreai Domistreai Blank
Date Saipled: 09/16/B6 09/16/B6 09/I7/B6 09/17/86 09/17/86 09/I7/B6 09/17/86 09/17/86 09/17/86 09/17/86 09/17/86 09/17/86
OTR Nuiber: EC3S6 EC359 EC360 EC361 EC362 EC363 EC364 EC365 EC366 EC367 EC368 EC369
1TR Nuiber: KEBBOB HE6809 HE6B10 ME68II HE6812 HEE8I3 KE6614 ME6SI5 KE6816 NEG6I7 ME 68 1 8 BE6819

PESTICIDES and PCBs

ALPHA-BHC !
BETA-BHC !
DELTA-BHC !
6ANHA-BHC (LINDANE) !
HEPTACHLOR i
ALDRIN !
HEPTACHLOR EPO! IDE !
ENMSULFAN 1 !
DIELOR1N 1
4,4-DOE 1
EDDRIN ;
4,4-MI I
TOIAPHENE !
MOCHLtM-1232 !
AROCHL(H)-|242 1
AROCHLDR-1248 !
AROCHLOR-12S4 !

TOTAL PESTICIDES and FCBs !

HltttlfUtttttttltilttftHttmtftiHMtttltflftttlKltUttHI

PERCENT MOISTURE IVOLATILES) 26.B ! 2B.9
lllllllflllftillliKIIKIflflilliiliKKIflfMIIIilflllillllMI

PERCENT MOISTURE IBNA) 26.B ! 2B.9

| I
1 !
: :
; j
i i
* I
! !
i i
i !
I
1
1
1
!
! :
! 21000 : 4063
' '•
', 21000 I 40631

IIIIHHKKtHfllllllilll

48.9 ! 69.5 : 71.7
Kllltllltlllllllililfllll

4B.9 ! 69.5 ! 71.7

8.1

B.I

• IfllllKI

7B
tKKIIKI

7B

llfltllK

62.9
IIIIKH

62.9

I
!
•
i
!
!
1
!
!
!

;
J

i

(llllfKiHMItllll

58.8 ! 74.1
lilllllllKllKIIII

58.8 I 74.1

tiuttmi
39.9

illlilllll

39.9

Ifttllttft

54. 6
Klllllilf

54. 6

IIIIIIKIl

0.2
IIKIfllll

0.2



PA6E 3

TABLE (
SUMMIT NATIONAL SITE
SEDIMENT SOIL SAMPLE RESULTS
REMEDIAL INVESTIGATION REPMl

Saiplt Location: H.Pond N.Pond N.Pond E.Pond E.Pond 1st Iipd Httt Hist S.East South East

Sa.ple Nuiber: SD03500I SD035002 SD03W01 SD037M1 SD03800I SD039001 SD04000I SD040002 SD04IOOI SD042001 SD043WI SD09700I
Satple Type: Onsite Onsite Dnsitc Disitt Onsite Dowstreao Upstnai Uistnai Domstreu Oowstrtai Dowistreai Blink

Dati Saipled: 09/14/84 09/U/Bo 09/17/84 09/17/Bi 09/17/84 OT/I7/B6 09/17/84 09/17/84 M/17/64 09/I7/B4 09/17/84 09/17/84
OTR Nuibtr: EC3SB EC359 ECJ40 EC34I EC342 EC343 EC364 EC345 EC344 EC347 ECS68 EC349
III Nuibtr: HE680B NES809 HEBB10 ME6B1I NE6BI2 NE6BI3 ME6814 NESBI5 NE6BI4 HE68I7 W6818 HE6B19

1NOR6ANIC COMPOUNDS (units) MB/KG DRY WI6HT
fffilfffiilfftftftitttlliitmiifflftflflfHItMtflftf

ALUMINUM 5490
ANTIMONY
ARSENIC 27
BARIUM (801
BERYLLIUM
CADMIUM
CALCIUM (490)
CHROMIUM 19
COBALT (4.71
COPPER 34
IRON 34800
LEAD 36 S
CYANIDE 2.1 R
MAGNESIUM (1590)
MANGANESE 112
MERCURY
NICKEL (151
POTASSIUM (15401
SELENIUM
SILVER
SODIUM [7931
THALLIUM
TIN
VANADIUM 1141
2 IK B2
M»tlMttMltt4tM*lttittltttHHtttftffMltfMlltltt
PERCENT MOISTURE
PERCENT SOLIDS 75

iiiiflit
7490

25
(94)

(8451
24

(7.51
43

41100
55 S
25 R

120801
132

(19)
(19101

(9911

(171
102

ttftttte

71

ttftfltif
10900

24
(132)

(14001
44

(111
57

47900
54
7 R

(29401
164

(241
(2330)

(1240)

121)
142

fMftitf

50

tttttfttl
11900
165) R

(134)

(41701
73

(171
45

118000
59

74 R
(32701

421

(381
116601

(1B701

(IB!
1570

flfiftil

27

llttflttf
12000

23
[1511

(49101
51

[141
54

118000
85
3 R

(28201
598

(291
(15401

[I960]

1171
545

titfittt

33

iiiiiiiiifi
13400

(170)

84400
20

114)
(29)
41400

23

10500
1090

(401
(1430)

(3240)

(19)
170

ttffitmt

28

iiftftttf
13800

19
(1411

11200
24

(201
44

49000
121 S

(3980)
855

(29)
(17901

(24)
232

IIIIHII

34

ttttmt
13200

17
(145)

HIM
23

(21)
48

48100
131 S

(3840)
834

134)
[19501

(231
235

fttitttt

34

iifitiiiiii
14700
[1431

38
(3D

(105001
55

(201
74

48200
29

(24901
1500

(491
(20901

(47201

1070
iffftftftt

21

ffftfimi
17400

29
(1451

14400
27

(321
42

112000
71

2.4 R
(5000)
2810

51
(24501

(17B01

(221
355

ttfiftitft

49

tftiitftttf
5930
(521
15

(70)

(2020)
(101
(B.B)

32
146000

29

(1590)
142

(151
(10401

(1520)

[131
134

Miitftm

41

Hfitlfl

209

(3.9)

(19701
7.1

(2.2)
167

(3011

(4.51
(114)

(935)

(161
(5.B)

fiimii

100

FOOTNOTES:
A: DitKttd kilo* quutitatio* luit igyantitation liiit n l« I DLI
D< taalyti hai IN* fowrf ii tkf lakoratory blank at Mil ai tkt laifli. Indicitn loisiklt/trokakli cMtuuatioi.
C: Aiplin ta inticidt laraMttri nktri thi idMtifititiiM kas In* coMirud ty 6C/MS.
E: Valut is MtiMtid dui to pristKi o< iittriimci.
J: An istiiatid valui
R: Spikt saiplt rtcowy is not nithin control lints.

>•: S»tlti aialynd at aidiui concentration.
[): Posit ive valuis less than thf contract required dttictio* liiit.



PA6E 1

TABU 5
SUmiT NATIONAL SHE
GROUNDKATER SAhPLE RESULTS
REMEDIAL INVESTI6AUON flEPORI

Saiplp Location: hH-2 iw-j UN-4 IW-5 HH-6 IW-7 HN-I IBM WHO IM-12 ny-13 HN-13 nn-M WHS NN-15

Saiple Nuiber: 61002001
Saiple Type: Onsite

Date Saipled: 12/07/84
DTR Nuiber: E9B55
ITS Nuiber: KE442B

OR6ANIC COHPOtMOS lunits-ppb)

VOLATILES

CHLOMflETHANE
VINYL CHLORIDE
HETHYLENE CHLORIDE
ACETONE
CARBON BISULFIDE
1,1-DICHLOfiOETHENE
1,1-BICHLOMETHANE
TRANS-1,2-DICHLOROETHENE
CHLIMOfORN
1,2-DlCHLOROETHANE
2-BUtMONE
1,1,1-TRKHLOROETHANE
1,1,2,2-TETRACHLOROETHANE
TR1CHLONOETHENE
1,1,2-TRlCHLOROETHANE
BENZENE 5 J,B
2-HEIANDNE
4-NETHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL IYLENES
========== =================-============================

TOTAL VOLATILES 5

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 200

BASE/NEUTRALS AND ACIDS

N-NITROSOOIHETHYLAHINE
PHENOL
ANILINE
I,3~OICHLOROBENZENE
1,4-DICHLORDBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-ttETHYLPHENOL
BIS(2-CHLOR01SOPROPYL)EIHER

EU603001
Offsi te
12/06/84
E9B60
HE4433

ftlMtftitl

17
25

22

2 J

B B

==========

74

200

6N00400I
Offs i te
12/05/84
E9B61
HE4434

1672

3 1,B

1675

200

61*005001
Offt i t t
12/05/84
E9B62
HE4435

IliKlilftl

957

4 J,B

==========

961

200

6N00600I
Offs i te
12/06/B4
E9B63
HE4436
MttlflUfl

MKMIHtl

9

30

40 B

==========
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PAGE 2

TAKE 5
SUWII NATIONAL SUE
GftOUNOKATEIi SAKKE fiESULTS
REMEDIAL INVESTIMTIDN REPORT

Saiple location: NN-2 NN-3 HN-4 HH-S IW-4 ltN-7 IW-B iw-9 HN-IO MM I W-12 HM-13 HM-13 HN-14 UN-15 UN-15

Saiple Nurter: 6H00200I 6*003001 6N004001 6N00500I 6N004001 6N00700I 6WOBOOI 6N009001 CN010001 6VOIIOOI 6NOI2001 GN013001 6W13002 GH014001 6NOI5001 6W15002
Suple Type: Onsite OHsite OHsite OHsite DHsite Dfftite OHsite Ontite Onsite Onsite Onsite Onsite Dntite OHsite Dnsitt Onsite
Date Saipled: 12/07/64 12/06/64 12/05/84 12/05/84 12/06/84 12/06/84 12/06/84 I2/OS/84 12/05/84 12/05/84 12/05/84 12/07/64 12/07/84 12/06/84 12/05/64 12/05/64

OTR Nuiber: E9B55
1TR Umber: NE442B

4-DETHVLPHENOL
HE1ACHLOROETHAHE
ISOPHORONE
2-NITRDPHEMOL
2,4-DINETHYLPHENOL
BENZDIC ACID
l,2,4-TRICHLOROtEN2ENE
NAPHTHALENE
4-CHLORD-3HIETHVLPHENOL
2-KTHYLNAPHTHALEHE
HEIACHLOROCYCLOPENTADIENE
DIKETHYL PHTHALATE
ACENAPHTHYLENE
ACENAFHTHENE
4-NIIROPHENOL
DIBEN20FURMI
OIETHYLPHTHALATE
FLUORENE
N-NIIROSOD1PHENVLAHINEI1)
HEIACHLORD8EN2ENE
PEHIACHLOHOPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUOMNTHENE
PYRENE
BUTVLKN2VLPHTHALATE
8ENZDIAI ANTHRACENE
IISI2-ETHYIHEIYDPHTHALATE
CHRYSENE
Dl-N-OCTYL PHTHALATE
KNZOItlFLUORANIHEHE
KNHHKIFLUORANTHENE
BENZDtAIPVRENE
INDENOI1,2,3-CD)PVRENE
DIBENZIA,H)ANTH«ACENE

============== :r;=ss=sss ========i======isss=s= :s===sss=s

TOTAL BASE/NEUTRALS AND ACIDS

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS 0

E9B60
NE4433

17

3S3SSSSSSS

17

0

E9861
HE4434

0

E9662
HE4435
ItKilllll

0

E9B63
NE4436
tillMHHI

6 J

14

:====£=£=££

20

to

E9B64
HE4437
tfttf fff ttfft

zszxxxissa

0

E9B45
ME4438
tftflllllt

0

E9854
NE4427
tllitlOIII

366

366

588S4

E9853
NE4426

900

1425

=I===SS=S=

2840

44u5

E9852
HE4425
ftllllOIII

50

13

..........

0

E9B51
HE4424
iiiiimtii

4

E9849
HE4422
ttUttlMtl

13

13

29

E9B47
HE4440
Kllltlllfl

8 J

6

20

E9859
HE4432

0

E9648
NE442I

7.5

E9BSO
HE4423

4
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PA6E I

TABLE 5
5W1I NAI10NAL SHE
6ROUNDNAIER SAMPLE RESULTS
REMEDIAL INVEST ISA! IGN BEFORT

Saiple Location: MN-2 MN-3 UN-4 HN-5 MN-6 IK-7 IM-B NK-9 IW-10 Ml-II HN-12 NN-13 UK-13 NN-14 IW-15 NM-15

Saiple Nuiber: 6N002001 6*003001 6N004001 GN005001 6*006001 GN00700I EN40840I 6K00900I EVOI0001 6*011001 6N012041 6N013001 6*013002 6*014001 6N015001 6NOI5002
Saiple Type: Dnsite Offsite Offsite Offsite Offsite Offsite Offsite Onsite Onsit* Oisite Onsit* Onsite Onsite Offsite Onsite Onsite
Date Saipled: 12/07/B4 12/06/84 12/05/B4 12/05/84 12/06/84 12/06/84 12/06/84 12/05/84 12/05/64 12/05/84 12/4S/B4 I2/47/B4 12/47/84 12/46/84 I2/05/B4 12/05/84
OTR Nuiber: E9B55 E9B60 E9861 E9862 E9B63 E9864 E9B65 E9854 E9853 E9B52 £965 1 E9B49 E9867 E9859 E9B4B E9850
1TR Nuiber: HE442B ME4433 HE4434 ME4435 HE4436 NE4437 NE4438 NE4427 ME4426 NE4425 ME4424 NE4422 HE4444 NE4432 NE442I NE4423

INORGANIC COMPOUNDS (units - ppb)

ALUMINUM [821
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM 12
CALCIUM 376300 R
CHROMIUM
COBALT (231 R
COPPER
IRON 189100 R,E
LEAD
CYANIDE
MAGNESIUM 166200 R,E
MANGANESE B920
MERCURY
NICKEL 54 R
POTASSIUM 8737
SELENIUM
SILVER
SOBIUM 37300 E
THALLIUM
TIN
VANADIUM [411
ZINC 118

[1561

20
473100 R

1079 E

2B
244140 S,E

5 R

158900 R,E
9635

570 R
146B6

184744 E

54
45

35B100 R

8731 R,E

197600 R,E
734

15535

45110 E

572

[521 R

[21801 R

454 R,E

16351 R,E
16

5720

256400 E

1310 ! (1291
1

19
[521 R

(36041 R
33 E

(121
1168 R,E

(12791 R,E
35

(221 R
5027

6

284804 E

393204 R
14594 E
114 R
162

99410 R,E

394
122044 R,E

6785

5610 R
(21461

24480 E

60
130

tttitmttl<t<t««t<tM<tttimfitttuHt<M«tfittti<itttfmtti«mtt«Hifitfu*mftiittitti<ttfftiHitiiitf
FIELD PARAMETERS

pH (standard units) 6.6 6.2 B.5 8.1 10.4 6.4
SPECIFIC CONDUCTANCE iuibos/cil 2700 3500 3000 1950 2500 2700
TEMPERATURE (degrees F) NA NA NA NA NA HA

302

(61
(541 R

14484 R

2889 R,E

(48741 «,£
I4S

15197

341900 E

746 t

12
[771 R

19
B5B600R

749 E
56R
27

128800 R,E

274
259340 R,E

25544

497 R
23354

785500 E

95
54

(9)

IB
918444 R

174 E
(381 R

1181
97690 R,E

19 R
80

245900 R,E
24094

162 R
38214

715604 E

65
74

469444 R

17304 R,E

68
144240 R,E

3581

(211 R
11421

172300 E

126)
32

(1531

[51

SIS94R

[151
[581 R,E

24190 R,E
293

19381

12 R
460500 E

(26)
(15)

(51)

111200 R
487 E

1746 R,E

37454 R,E

254 R
13504

429700E

123)

(761

[81

117140 R

176 R,E

149
44490 R,E

878

14125

425600 E

[241

(1611

(91

5829 R

198 R,E

(44771 R,E
(11)

455B4

415100 E

(103)

(5)

394940 R
16 E

(121
14040 R,E

92
166640 R,E

9551

46 R
12985

373104 E

(371
24

(SB)

(61

357240 R
42 E

13480 R,E

116
151000 R,E

8489

133 R
12165

341740 E

1331

fltftttfMimtltmUHIffltlKllftlttlttlllftfltlftlllitlflflltftllfllltllfllllMlllttlfltKlltlfllflltftlfl

9.3 i 5.5 6.3 6.5 ! B.9 8.2 8.1 I 9.4 6.5 6.4
3400 I 7500 4044 1950 ! 4250 4040 4200 ! 2500 4504 4604
NA ! NA NA NA ! NA NA NA ! NA NA NA

FOOTNOTES:
B: Analyte his been found in the laboratory blank as mil as the saiple. Indicates possible/probable contannation.
E: Value is estiiated due to presence of interference.
J: An estiiated value
R: Spike saiple recovery is not nithin control liiits.

(1: Positive values less than the contract required detection hilt.
Note: All concentrations for tetals are dissolved tetals.

NA: Not Analyzed
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F-A6E 6

ma s
EUSlin NATIONAL SITE
6RDUNDi<HlES 5ANPLE RESULTS
SE1E31AL INVESTIGATION REPORT

Saiple Location: IM-17 HN-17 fW-7 IW-4 HN-5 IW-5 IW-17 IW-B IW-20 UK-IB NN-19 DH-2 2BB4 2BB7 2BB8 2BB5 2BB5

Saiple Nuibrr; 6U017001
Staple Type: OHsitt
Date Saipled: 12/06/B4
01R Nuiber: E9BS7
ITfi Kinder: NE4430

EV017002 6H09800I 6H099001 6HOI8001 BB019001 6H02000I 6K020002 6H021001 61022001 6H02300I 6H024001 6H025001 BV026001 GH02700I 6N02B001 6H029001 BH030001 BH030002
Offsite Blink Blink Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Onsite Onsite Onsite Onsitt Onsite Onsite
12/06/84 12/07/84 12/06/84 09/9/B6 09/9/86 09/9/86 09/9/86 09/9/86 09/9/86 09/10/86 09/10/86 09/10/86 09/10/86 09/11/B6 09/11/B6 09/11/86 09/11/8609/11/86
E9B5B E9866 E9BS6 EB196 EB197 EBI9B EBI99 EB200 EC301 EC302 EC303 EC304 EC30S EC306 EC307 EC308 EC309 ECHO
NE4431 HE4439 HE4429 KEB396 NEB397 HEB39B MB399 HEMOO HE6743 HE6744 DE6745 HEG746 KE6747 HE6748 NEB749 NE67SO NES751 DE67S2

PESTICIDES and PC9s

ALPHA-BHC
BETA-BHC
DELTA-BHC
BAffllA-BHC ILINCANE)
HEPTACHLOR
ALDRiN
HEPTACHLDR EPDIIDE
ENDOSULFAN I
DIELDII1N
4,4-DDE
ENM1N
4,4-BDT
TOIAPHEME
AROCHLOH-1232
AROCM.DR-1242
MOCHLOfl-1248
AROCHLOR-1254

TOTAL PESTICIDES and PCBs



PA6E 2

TflfLE 5
5uniin NATIONAL SHE
6F*OUNDi'ATER SAMPLE RESULTS

INVESTIGATION REPORT

Sup It Location: NH-17 MK-17 MM-7 W-4 HN-5 NK-5 IM-17 IW-B hH-20 NUB MMV IW-2 2BB6 2B«7 2BBB 2BB5 26B5

Saiplt Nuober: 6KOI700I 6*017002
Saople lypi: OHsiti Orfsite

Date Supltd: 12/06/84 12/06/84
OTR Mirier: E9B57 E985B
1TR Nutter: ME4430 HE443I

MHiiHHiHttHHiHiHHHHHHHHHHHHHHHHitHHHHitHiHHHHHHHHHiHHHHHHHil
INORGANIC COMPOUNDS (units - ppb)
iiiiiiitu
ALUMINUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON
LEAD
CYANIDE
NA6NES1UH
HAN6ANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
1HALLIUN
TIN
VANADIUM
2INC
HHHIHtHHHIti

FIELD PARAMETERS
HHIHHHHm

pH (stinkard units)

6V09BODI 6W99001 6H016001 BMW1900I 6H02000I 6V020002 W02IOOI 6H02200I 6K02300I 6V02400I 6H02SOOI 6K02600I BK027DOI EW2BOA1
BUnk Blank Offsite OHtitt Offsiti Offsitt Offsitt Offnti Offsitt Olftiti Offsitf Onsitt Oniiti 0«ite
12/07/B4 12/06/84 09/9/Bb (W/9/B4 09/9/86 09/9/81 09/9/B6 09/9/Bi 09/10/86 09/10/86 09/10/84 09/10/86 09/11/6* 09/11/86
E9866 E9856 EB196 EB197 EB198 EB199 EB200 EC301 EC302 EC303 EC304 EC305 EC306 EC307
NE4439 HE4429 DEB396 HEB397 NEB39B ISB399 KEMOO HE674] ME6744 HEG74S HE6746 HE6747 HE6748 NEB749

6N02900I
Dusitt
09/11/86
EC308
HE6750

BtWJOOOl 6H030002
Oiisite Onsitt
09/11/86 09/11/86
EC309 EC3IO
HEB7SI K6752

lllltKlflilttlttlttlXI

1105)

(62) »

5.3
296200 »

87 R

32970 R,E

210000 R,E
26100

61 R
B66S

37060 E

[231
119

IMKIflilllflfltHUIHItllllltKllllfll

5

tKKIIIfl
(1001

(601 R

7.2
310200 R

92 R

34800 R,E

213900 R,E
27420

62 R
9039

289BO E

125)
129

itiftiiftfi

itiftttt

(734) R
36 E

129 R,E

[1701] E

Ititflflf

fitftfffll

168)

(9421 R

[13]

(8.71 R
(14501 E

fi«ii«

liffittit
601

430000

(241

77900

117000
5290

[311
[48401

21700

133
iiiiiiii

tttftitt
(471

505000

19800

228000
1530

18300

94800

34
iiiiiini

it<t<tiMMi<iMMMMtttt»titii<Mittttiiitii<i<tfimi<ifitmiiumiiuttttifttmtt
ts) 6.6 1 6.5 1 MA NA DA 1 6.9
IWttE (uihos/ci) 2500 1 2500 1 NA NA 1150 1 3000
grees F) NA ! NA i DA NA 57 ! SB

ittttitii

(591

(15601

(97)

(5041

[3680]

10
434000

(3.81
iiiiiiii

ittiiiii
(1701

(641

[17801

[861

(6041
(7.81

(37401

435000

(6.4)
iiiiiini

tit IttMt

304

(171

373000
(8.2)
325

80600

295000
40100

169
B750

43000

248
IIIHIIII

ittiititt
200

(301

(30801

(3.31
(901

(10501
27

19200

570000

(8.6)
IIIHIIII

tltMttltl

(1301

(141

(I860)

(20)
650

(245)

(3560)

465000

3120
(7.11

76
iiiiiini

itttititittitttmmimtitttmtitiiifiiii
7.2 ! 7.2 ! NA 6.0 NA
1500 : 1500 : 3100 2000 2500
58 ! 52 ! 68 64 59

tititiit
11291

432000

4990

161000
42BO

9040

96400

88
iiiiiiii

itittttti
725

693000

(361

222000

298000
14100

58
IB200

409000

350
IIIHIIII

fftitffit
419

384000
(5)
(36)

183000

173000
10400

47
12300

50400

292
itiiinii

IKKIIIIIIIIIIIIIIKIIIII

6.9 ! 6.2 ! 5.1
1500 i 2200 i 1700
55 i SB ! 56

•tttitittti
4840

US

58
648000

896

982000

309000
72200

1120
(201001

350000

3750
iiiiiiiiiii

tttitiit

(171

194000

2960

45000
2340

7140

384000

(17)
>IIIIIKI

ittttiitti

[121

139000

2480

35400
1350

7720

950000

(171
IIIIIIIIH

>iiiiiiiiiiiiiiiii«iiiiiiinii
5.1 6.2 7.0
850 300 500
61 64 68

iiififiti
1630
149
12

607000
(191
120

539000

184000
25600

198
19200

272000

295
Illillltl

IIIHIIII

6.0
250
64

iiitittti
1620
134
18 S

616000
(111
116

614000

189000
26100

182
20500

289000

324
IIIHIIII

IHHHH

6.0
250
64

HIHHHHIIIH ItMIHHfHIIIIHHIIHIIIIIHililillHHIIIHHHHIHHIHHilllllHIIilililllllllillHIIIIIHIIHilHIIIHItllllHIIHHIIHItHMIilHHHHHIHIHHHHHiHHIIIIIHIIHIHIHHHHHIHHI

FOOTNOTES:
B: Analyti kH b(M fwi* m tki Jtboritirr kimt N Mil at tkt tt*li.
E: Vila ii ntitattd «ut t» prtitMi of uttrftfMct.
It 4« titiutH «ilm
R: Spiki tJiflt r»co»rry u not nithin control liiiti.

I): Positive vilun 1m than thi contract rto.«irri dttKtion lioit.
Mote: All concentrations for tetalt are dissolved tetali.

<M: Not Analyzed

Indicates lossibli/protakli coitaiiutio*.
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TAfcLE 5
suimit NATIONAL SITE
GROUNDIIATER 5AHFLE RESULTS
REHEDIAL INVESTIGATION REPORT

Suple Location: UN-15 Tipple NN-24 IM-ll NN-22 MI-9 IW-10 MI-26 MI-25 UK-14 MH4 HH-23 MI-3 MI-6 NN-I3 MH2 MH6 NK-21

Suple Nurter: 6H03100I 611032001 6H033001 6H03400I 6K03500I 6N036001
Saiple Type: Dnsite Onsite Onsite Onsite Offsite Onsite
Me Siipled: 09/11/86 09/1 1/Bt 09/12/84 09/11/86 09/10/B6 09/12/86
OIK Mirier: EC311 EC312 EC313 EC314 EC31S EC316
ITR Nuiber: HE6753 HEE754 NE6755 NE67S6 HE67S7 DE67SB

6W37001 6HD38001 6H039001 6H040001 6N040002 6*041001 6H04200I 6N04300I 6H044001 6N04500I 6N04600I EN04700I 6N09700I
Onsite Onsitt Onsite Offsitt OHsite OHsite Offsite Offsite 0»ite Onsite Onsite Offsite Blink
09/12/86 09/12/86 09/12/86 09/12/86 09/12/86 09/12/86 09/11/86 09/12/86 09/12/86 09/12/86 09/16/B6 09/17/86 09/10/86
EC317 EC3I8 EC319 EC320 EC321 EC322 EC323 EC324 EC32S EC326 EC327 EC328 EC330
HE67S9 IEE760 DE676I HEG762 HE6763 NE6764 NE6765 NEE766 KE6767 HE676B HE6769 HE6770 HE6772

W6ANIC CDItPOtiNCS lunits-ppb)
«IIHIIIIl>

VOLATILE5

CHIOROHEIHANE
VINYL CHLORIDE
HETHVLENE CHLORIDE 1 j,B
ACETONE 16 B
CARBON BISULFIDE
1,1-BICHLOROETHENE
I,I-DICHLORO£THANE 3J
TRANS-l,2-DICHLDROETHE(iE
CHLOROFORM
1,2-DICHLOROETHANE 4 1
2-BUTAWNE 16 B
1,1,1-TRlCHLOROETHANE 19
1,1,2,2-TETRACHLORDETHANE
TRICNLOROETHENE
1,1,2-TRlCHLORGETHANE
BENZENE
2-HE1ANONE
4-NETHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE 1 J
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL IYLENES

TOTAL VOLATILES 60

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 23.4

2 J,B
5 J,B

14 B

7

28

0

180 J,B
2700 B,J

820 )

5800 i
1800 B,J
360 J

55 J

96 J
250 i

3200 J

590 J

2100 J

17951

221

6 J,B
51 B

16 J
140

12 J

100 B
650

975

53.7

1 J
9 J,B

15 B

25

0

10000 J,B
890000 B,J

110000 J
430000 B,J

6200 J

20000 J

====£,»>= =

1466200

166

24000 J,B
1300000 B,J

650000 fl.J

1974000

0

1 J,B
18 B,J

15 BJ

1 J

35

0

3 J
13 B

5

100
15 B
3 J

9

sz:==ss=

148

0

5 B,J
14 B,J

19 B,J

6 J,B
2 J,B

5 J

1 i
======£=

52

207

2 J,B
19 B,J

19 B,J

4 J

========

44

0

2 J
11 B

11 1

==S=====

24

0

2 J,B
7 J,B

1 J
14
32

13
15 B
23

4 )

3 J

========

114

12.3

2 J,B
7 J,B

I6B.J

2J,B

5 J

========

32

54

1 i
11 B

7

32

13 B
3 J

46

1 J

========

114

0

1 J
15 B

•

14 B

========

30

0

2 J,B
9J.B

2 J

5
12 B

30

0

5
8J,B

17 B

========

30

0

2 i
6J.B

13 B

7

=========

2B

0

BASE/NEUTRALS AND ACIDS

N-NITRDSOD!HETNYLAHIIiE
PHENOL
ANILINE
1.3-DlCHLOROBENIENE
1.4-DICHLOROBENiENE
BENZYL ALCOHOL
1,2-DlCmOROBENJENE
2-NETHVLPHENOL
BISI2-CHLOR01SOPROPVLIETHER

260

90

I BOO J 910 6 1 3 J 3 J 3 J



PA6E 8

TABLE 5
Sli-Mll NATIONAL SHE
6ROUNHATER SAMPLE RESULTS
REHEDIAL INVESTIGATION REPORT

Saiple Location: IW-15 Tipplt HK-24 IW-ll IW-22 HIH IW-IO HN-26 1»-K Nti-14 MI-14 UK-23 UK-3 IW-6 WH3 UN-12 UN-16 KN-21

Saiple Nuiier: 6N031001 BN032001 GN03300I 6*034001 6*035001 GV036001 6N03700I
Suple Typt: Onsite Onsite Onsitt flisite OHsite Onsiti Dnsiti
Date Saiplet): 09/11/86 09/11/86 09/12/66 09/11/86 09/10/86 09/12/B6 09/12/66
OTR Nuiber: EC31I EC312 EC313 EC314 EC315 EC316 EC317
UR Nuiberi BE6753 HE67S4 1*6755 HE6756 NE6757 BE675B HE6759

6*038001 6*039001 6*040001 6*040002 6*041001 6*042001 6*043001 6*044001 6*045001 6*046001 6*047001 6H097001
Onsiti Onsite OHsite OHsite OHsite OHsite OHsite Onsite Onsite Onsite OHsite Blank
09/12/66 09/12/66 09/12/86 09/12/66 09/12/66 09/11/66 09/12/86 09/12/86 09/12/66 09/16/86 09/17/86 09/10/86
EC318 EC3I9 EC320 EC321 EC322 EC323 EC324 EC325 EC326 EC327 EC328 EC3JO
HE6760 HE676I NEE762 HE6763 HE6764 HE6765 1*6766 NE6767 KEB768 HE6769 HE6770 HE6772

4-NETHYLPHENOL
HEIACHLOROETHANE
ISOPHORONE
2-NITROPHENDL
2,4-DINETHVLPHENOL
UNZD1C KID 4 J
t,2,4-TRICHLO)IOBENZENE
NAPHTHALENE
4-CHLDRO-3-HETHYLPKEWL
2-HETHYLNAPHTHM.ENE
HElRCHLDROCVCLOPENTADIENE
DIHETHfL PHTHM.4IE
ACENAfHTHYLENE
ACENAPHTHENE
4-NITROPHENOL
DIBENZOFURAN
DIETHYLPHTHALATE
FLUORENE
N-NITROSDDIPHENVLAAINEU)
HE1ACHLWOBENZENE
PENTACHLOROPHENOL 7 J
PHENMUHRENE
ANTHRACENE
DI-N-MIIYlPHTHALArE 2 J,B
fLUORANTKENE
PYRENE
BUlYLtEMZYlPHTHALAlE
BENZB(AIMITHMCENE
BIS<2-ETHYlHEm>PHTHALA!E 16 B,J
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZDIBIFLUMANTHENE
BENZO(()FLUORANTHENE
BENZO(A)PYRENE
INDEW)ll,2,3-CD»FrRENE
BlBENm.KIANTHTtACENE
9EN!0(6,H,I)PERVLEI«t

TOTAL BASE/NEUTRALS AND ACIDS 29

TOTAL TENTATIVELY
IDENTIFIED BASi'NEli!i.Hi5 AN3 «IDS 239

4 J,B

4

69

140

41

16
110

11
14

5 J

4 B , J

707

1469

16 i

3 )

21

147

3 J

3 )

3 J

6 J,B

15

70.7

310 J

2600 J

170 8,J

4880

12559

ititttitttti
12 1

1600
140

32 J

2BB,J

2722

5400

fftttttttl

4 1

10

7.7

2 B,J

2

5.4

tttttttti

========
3

16.8

3

0

4 J

========
4

0

tttttttti

4 J

6 J

2 J,l

4 J,B

£=======

16

22.9

========

3

0

•tttttttl

========

0
========

36.9

0

0

t t tWfltt II

0

2')fr()

Ktttttttl

0

0

t**v*i*«ti

3 J

5 J,B

======£==

8

49.9
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IflRE I
S'JflU NATIONAL 5ITE
jRDJNDKArER SftHfLE fESLUS
SENEDIAL INVESTI6ATION REPORT

Saiple Location: UN-15 Tipple UN-24 UN-11 IW-22 tl»-9 NN-10 IW-26 HH-25 IW-14 Mil-14 HH-23 UK-3 NN-i MI-13 HU-12 HU-li KU-21

Saiple Nu.ber; 6H03100I EM032001 6N033001 6*034001 6N03S001 6H036001 BHD37001 6H03BOOI 6*039001 GH04000I 6W40002 6H041001 6V042001 6N04300I 6N044001 6H04500I 6N046001 6U04700I 6U097001
Saiple Type: Onsite Onsite Onsite Onsite Olfsite Onsite Dnsite Onsitt Onsite Dffsite Offsite OHsite Olfsite Offsite Onsite Onsite Onsite Offsite Bljnk
Date Supled: 09/H/S6 09/11/B6 Of/12/Bi (W/ll/84 09/IO/B4 09/12/B6 09/12/Bfc 09/12/86 01/12/86 09/12/B6 09/12/66 09/12/B6 09/11/66 09/12/66 09/12/66 09/12/B6 09/16/66 09/17/66 09/10/66

OTR Nuiber: EC311 EC312 EC3I3 EC314 EC315 EC316 EC317 EC3I8 EC319 EC320 EC32I EC322 EC323 EC324 EC325 EC326 EC327 EC328 EC330
ITS Umber: BE6753 I1EE754 NE6755 HE67J6 KEE757 SE675B HE6759 HE6760 HE6761 HE6762 NE6763 HE6764 NE6765 WE766 HE6767 KE6766 NE6769 HEE770 HE6772

»*tt«lf»lftltl*l«fl»Ht»lf*#ffllH»n ftkl(t<ll»«»ll(lllftftfflilttl«tlt»li4ffll»»lffftflllfllftf««flif«itlt»ll*ftlffffttCt«fl«t««ttl*llfllfttflftftflftltitfiltf ftfttlttfttttftlfltttftftftfHMtftltfftltflttHtiflltflMftttltffttHtlltMft

PESTICIDES and fCBs

ALPHA-BHC
BETA-BUG
DELTA-BHC
BAflflA-BHC
HEPTACHLOB
ALMIH
HtPTACHLOR EPG1IDE
ENOGSULFAfl I
DIELMIN
4,4-BDE
ENDHIN
4,4-DBT
TOIAPHEUE
AfiOCHLOfl-1232
AROCHLOR-1242

ARDCHLOR-1254
===================S========£====2===S============£SS3I

TOTAL PESTICIDES and PCBs
======== ======£==== ====== =======:
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TARE £
SUNHI! NATIONAL SITE
BROUNBMTEB SAMPLE RESULTS
REMEDIAL INVESTIGATION HEFORT

Satple Location: IW-15 Tipple HH-24 MN-l l MK-22 MN-9 MH-IO MN-26 IW-23 IW-14 MK-14 MN-23 NK-3 UN-6 NN-13 MI-12 UK-16 UK-21

Saiple Nuiber: 6K03100I 611032001 6N03300I 6N03400I 6N03500I SB036001 6N037001
Suple Type: Qnsite Onsite Dnsiti Onsite DHsite Onsiti Onsite

Date Saipled: 09/I1/B6 09/11/84 09/12/66 09/11/86 09/10/86 09/12/86 09/12/86
DTK Nuiber: EC31I EC3I2 ECI13 EC3I4 EC315 EC316 EC317
1TR Nuiber: HE6753 HE67S4 NE6755 ME6756 NEB757 ME6758 ME6759

6N03B001 6N05900I BH040001 6N040002 GND41001 BK04200I 61(043001 6H044WI S«u45(i01 BH046001 BH04700I 6K097001
Oniitc Onsite OUsiti OHsite OHsite OHsiti OHsite 0»ite Onsite Onsite Oflsite Blink
09/12/86 09/I2/B6 09/12/66 09/12/B6 09/I2/B6 09/11/66 09/12/86 09/12/86 09/12/86 09/U/86 09/17/86 09/10/86
EC316 EC319 EC320 EC321 EC322 EC323 EC324 EC325 EC326 EC327 EC32B EC330
HEB760 BEB741 HE6762 HE6763 NE6764 HE6765 HE6766 IK6767 MEB76B HE6769 HE6770 HEB772

INORBANIC COMPOUNDS limits - ppb)

ALUMINUM
ANTIMONY
ARSENIC
BAKU'S
BERYLLIUM
CADMIUM
CALCIUM 493000
CHROMIUM
COBALT (7.51
COrPER
IRON 13100
LEAD
CYANIDE
NABNESIUM 176000
MAN6ANESE 10100
MERCURY
NICKEL 1121
POTASSIUM 9630
SELENIUM
SILVER
SODIUM 514000
THALLIUM
TIN
VANADIUM
ZINC (17)

627
(43)

461000
11

(331
(6.7)
273000

181000
8030

(271
8420

52500

1670

(481

23400

(621

(408)

(121
I5BOOO

483000

(7.61

(B31

627000
(4.21

38300

216000
2710

(111
10800

295000

30

(461

E271

40300

(421

11200
90

12400

351000

(6.31

FIELD PARAMETERS
IM<tfMltl<IIIMMttlt»tlM1flll<t«<ltltl>l<tfUttlflMttttllll<!ftlt<tttitlKltl<llt<|t

pH (standard units) NA NA ! NA 1 HA i NA
SPECIFIC CONDUCTANCE luihos/ci) 3500 2600 i 3600 1 4000 1 3230
TEMPERATURE (degrees F) 62 60 ! 60 1 64 ! 66

1100

19 S
(284)

773000
S3

140)
(6.1)
68800

282000
14200

161
18800

1560000

122
(47)
41

tlffllltlil

MtttMlft

NA
11000

64

! 2580

14
1550

782000
20

(261

806

254000
15700

120
37600

1210000

113
(161
[6.31

[4.81

1845)

[481

[1021

5870

462000

[131
(13)

i 1410 1 237

[221

46500

22300
78

11200

701000

1841

(38301

371

116101
50

10400

609000

(801

(33101

(721

(16201
39

10200

615000

(71 1 40 i 21

(371

(27)

14000

(241

5180
(141

6410

640000

[5.51

785 1 816
67

551000
[6.81
(111

296000

176000
11200

1141
11500

242000

(22)

(20601

130

(255)

3470

335000

124)

268000

402

127000
3690

15600

369000

137)

(36)

12000

139

[45101
157

9010

690000

16.61

54300

19300
124

11800

534000

(281

142 1 (111 ! (6.1) 1 (9.91 i (19)

(35)

13.7)

(337)

1521

(16801

1 (5.61
tfHittfttt r*t**t***tttt ttvtttvtttfftttttftvtttttttfftttttttttttttttttttttltttttltttfff ttttttfftfttttttttttfftffff tH 1 tiff tfftfffff

lllllllilKilllflilllillliKKIIIIIIIIIIIIItlllflilfKulflililllllliUIIIIIKItlllllllllllllilllllllltflllillllllllllll

NA NA NA NA i NA NA NA NA NA NA NA ! NA NA
8000 4600 4600 2300 1 2500 3250 4000 1625 4300 4100 1500 1 1625 NA
60 60 59 58 ! 58 64 60 SB 58 60 55 ! 56 NA

FOOTNOTES:
1: Analyte has bin fo«nd in tki laboratory blank is Mil a* tit siiile. Indicates possible/probable contamination.
E: ValM i* estiuted due to presence of interference.
1: Ai estitatri «ilue
1: Spike tuple recomy it not •ithin control lilitt.
(It Positive values lest than the contract required detection lilit.

tote: All concentrations for eetals are distoUef1 wtali.
NA: Not 4nal«:ed



TON3Hd1AH13U-Z

-man 1AZN3I
3N3ZN380!l01H3I<l-t'l
3N3ZN380mnH]I(K'l

10»3Hd
3NIU«1AH13MiaOSOHllN-ll

SOIM m STtllllfHN/SSM

=======================================:=z=es====ssss==

0 S31I1V10A
TV10I

II S31!ltnOA 1V101
r==s=rss==ssi=ss==ss=ss=sss==rsr==:sss;s:ss=rsss=sss=ss

S3N31AI 1V1D1
3N3JU1S

3N3ZN3I1AH13
3N3ZN390U01H3

r I 3N3niDl
3N3H130UQ1H3VH131

3NONVI3H-Z
3N3ZN38

3NWU30IHn«l81-Z'l'l
3N3H130WW3IH1

3H«HI30H01H»U131-Z'J'|'|
SIWHISOWTOIIU-I'I'I

e n mwira-z
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PAGE 12

TABLE 5
SUSHIT NATIONAL S ITE
GfiOuliOMTER SAHPLE RESULTS
SENEDIAL INVESTIGATION REPORT

Saiple Location:

Suple Nuiber: 6N096001
Saiple Type: Blank

Date Saipled: 09/9/96
DTK Nuiber: EC331
ITR Nuiber: KE6773

»H»HttlUHIUI«IH«IIIIIIHIIimHllimMHH»»U»

PESTICIDES and PCh

ALPHA-BHC
tUfi-m
DELTA-iHC

C (LINCAKE)
HEPTACHLOR
ALDRIN
HEPTACHLDR EPOIIDE
ENDOSULFAN I
DIELDRIN
4,4-DDE
EHMIN
4,4-UT
TDIAfHENE
WOCHLOR-1232
AOOCHL OB-1242
AROCHLDO-124B
AROCHLOR-1254
=£================£====================================

TOTAL PESTICIDES and PCBs
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TABLE 5
SUMMIT NATIONAL SHE
6ROUNOMATER SAhr'LE RESULTS
CEHEDIAL 1NVESI16AIION REPORT

Saiple Location:

Suple Nutter: SN09WOI
Saiple Type: Blank

Date Saipled: 09/9/86
DTR Nuiber: EC331
ITR Nuiber: NE6773

M«mmttft«iit<i<tttiiittMtittf»tMiHttf>ttfMiii
INDR6ANIC CONFOUNDS (units - ppb)
iltftMttMtMtfllttttlttlf(Mttitite«tltlMffftMMHt
ALW11HUN (971
ANTIHONV
ARSENIC
BARIUfl [S.9]
KRYLLILM
CAMIUH
CALCIUM 11510)
CHROHiUH
CDBAII
COPPER '
IRON (90)
LEM
CYANIDE
NABNESIUfl (115)
HAN6MESE (6.21
WRCURV
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM (27801
THALLIUM
UN
VANADIUM
2INC (2.41
tt«»«ti»m«ttttttttti<tt»tmtMtttfttttfttitt«tiiiit
FIELD PARAMETERS

pH (stindiriJ units) NA
SPECIFIC CONDUCTANCE luihos/ct) NA
TEMPERATURE (de«rees F) NA
i<ttt(t<tMtuuiitttttttitittt<tittft«mitiittti«iii

FOOTNOTESi
li Anjlyti hn ben found in tki liboritory blink it Mil u tbi supli. Indicitei posiiblf/probiblt cmtuinitio*.
E: ViUi i» eitiuttd due to presence e< uterftrence.
J: An tttiiited vilue
R: Spike utple recovery it not vithin control lints.

(1: Pmtive viluet lest thin the contract required detection liiit.
Note: All concentrations tar ratals are dissolved aetals.

!W: dot
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TABLE 5
SUmilT h«TION«L S I T E
&SGUNDKATER SAMPLE RESULTS (Total Metals)
REMEDIAL INVESTIGATION REPORT

Saiple Location: MK-7 MB-4 MN-5 NN-5 NN-17 MN-8 IW-20 Nil-IB IW-19 NN-2 2BB6 2BB7 2BB8 2BB5 2BB5 NN-15 Tipple MK-24 MN-II MN-22

Saiple Nuiber: 6N01B001 6N019001 6N020001 6H020002 6N02100I 6N02200I 61023001 6V024001 6N025001 6N02600I 6N027001 6H02BOOI 6N029001 6K030001 6N030002 6K03100I 6N03200I 6N033001 6N03400I 6N035001
Suple Type: Offsite OH site Offsite Offsi te Offsite OHsite OHsite OHsite Of (site Onsite Onsitt Onsite Onsite Onsite Onsite Onsite Onsitf Onsite Onsile Oftsite

Date Saipled: 09/9/84 09/9/B4 09/9/84 09/9/B4 09/9/84 09/9/86 09/10/6609/10/8609/10/8409/10/8609/11/8609/11/8609/11/8609/11/8609/11/8609/11/8409/11/8609/12/8609/11/8609/10/86
DTK Nuiber: EB196 EB197 EB198 EB199 EB200 EC301 EC302 EC303 EC304 EC305 EC306 EC307 EC30B EC309 EC310 EC31I EC312 EC3I3 EC314 EC315
1TR Kuiber: BEB394 HEB397 NE8398 HEB399 NEB400 MEB743 HE6744 NE6745 HEE746 HE6747 HE6748 NE6749 HE6750 DE6751 ME6752 KE6753 HE6754 ME6755 HE6754 NE6757

INOR6ANIC CONFOUNDS (units - ppb, except .here noted othernise)

ALUMINUM 4850 1 994
ANTIMONY
ARSENIC
BARIUM [141
BERVLL1UM
CADMIUM
CALCIUM 407000
CHROMIUM (5.31
COBALT (27)
COPPER (121
IRON 80400
LEA!
CVANIDE
IMfjNESIUM 109000
IMN6MKSE 5030
NERCURV
NICKEL [37]
POTASSIUM [47901 E
SELENIUM
SILVER
SODIUM 20100
THALLIUM
TIN (271
VANADIUM (41
ZINC 139
tttitttttitttitilitittttlittlttlttttHttttttliiitttiti

Total Alkalinity, as CaC03 dg/l) 143
Aiionia, as N lug/1 1 0.7
Nitrate/Nitrite, as N lig/ll
Chloride (ig/1) 15
Suspended Solids (ig/1) 139
Dissolved Solids lig/U 2400
Sulfate lig/H 1500
Acidity lig/U NR

[154]

5.4
448000
14.31

(121
25900

203000
1380

[7.5]
16500 E

81600

[5.41
46

niiiiii
245
2.8

109
119
3060
1650

NR

3350

(1371

11200
[6.11

[201
5660

(ISM)
101

(8.31
(3700) E

353000

(9.2J
32

Illlllli

842
0.6

12
126
938
6.8
NR

3920

(149)

11800
(5.61

(231
5750

(1590)
104

(40301 E

376000

17.31
33

ilium
830

0.65

13
87
926
10
NR

FIELD PARAMETERS
llttililtittlttlltllltlllttlllltttlttltitttltlttltttttilttittttliltttttltitttttll

pH (standard units) NA 4.9 7.2 7.2
SPECIFIC CONDUCTANCE (uihos/ci) 1150 3000 1500 1500
TEMPERATURE (degrees F) 57 58 58 52

19400

13
(180)
12.9]

312000
38
356
40

148000

270000
37300
0.9
255

10200 E

36900

(381
609

niiiiii
100

0.50

39
26400
3150
1920
NR

llllllil

Illlllli
NA

3100
68

734

(451

5610

(161
1180

[1230]
63
0.3

17700 E

513000

(291

37
llllllil

1080
1.2

42
47

1350
1020
NR

ilium

Illlllli
6.0
2000
64

3110 ! 25300

(1181

50400
(4.91

(23)
3320

(15101
125
0.5

(B.B1
(48501 E

428000

(151
33

niiiiii
938
1.1

107
201

1100
34
NR

niiiiii

niiiiii
NA

2500
59

IB S
1146)
(3.41

455000
42

(451
43

88300

171000
4490
0.7
87

13300 E

95100

(481
228

niiiiii
314
1.0

95
10800
2420
1380
NR

38800
64

30 S
(139)
(4.31

62300
56
74
89

268000

294000
14100
0.5
149

22200 E

380000

54
586

Ilillllll
174
3.8

1420
3640
6060
2230

NR

12300
69

(801

7.5
365000

25
64
(0

280000

169000
11000
0.3
137

14500 E

41900

(181
631

illlilil

4.0
3.6

31
1310
3210
1870
NR

29000
240

62 S,t
1841
(4.81
175

540000
32
938

(431
1020000

267000
49500

1210
23400 E

344000

4340
niiiiii

NR
2.5

0.11
925
4240
6420
3320
2330

10100

72 S
(651

193000
13

(161
28

34200

44700
2740
0.3

(331
6060 E

383000

(201
121

iiiiiini
677
48

121
4710
1960
730
NR

12600

1801

141000
21

(181
33

48700
15 S,R

40800
1B70
0.5
43

6600 E

902000

(251
128

iiiiiini
947
45

140
2400
3320
1240

NR

14200
110

30 S
(281

(3.21
5.1

515000
44
119

(221
534000

16
165000
22800

216
16700 E

240000

(7.31
703

Illlilil

248
22

0.14
350
4060
5500
2370

NR

12200
121

2B S
123]

(2.51
B.7

554000
45
127
(22)

555000

18
177000
24100

224
19200 E

254000

415
Illlllili

271
24

0.15
44

10900
5460
2400

NR

221

442000
(6.4]

(141
31500

26
158000
9080

(151
6630

472000

63
llllllil

776
27

169
85

3920
2040

NR

653
1501

(2.11

437000
11

(341
47

276000

171000
7910

(321
77BO

49900

1590
llllllil

157
1.3

60
142
3270
1950

NR
iiiiiiiiittttttttttttttffttitiiitttitiiiitiiiitiitittttttittttittittttittttttitiittittttit

4.9 6.2 5.1 5.1 4.2 7.0 4.0 4.0 NA NA
1500 2200 1700 B50 3UO 500 250 250 350U 2tOO
55 58 54 48 44 46 64 44 62 60

255

209

31100

(231
497

(644)
21

1121
144000

444000

43
Ililllil

231
5.0

4B
30

1840
800
NR

ilium

niiiiii
NA

J800

(124)

5.1
570000

111!
37100

202000
2520

(241
9940 E

273000

(34)
15.2)

34
niiiiii

713
3.0

311
49

3900
1530

Nfc
iiiiim

niiiiii
NA

4000
60 I 44

1 1000

242

49400
14

(151
37

24200
21 S,R

15100
416

(351
13300 E

539000

(221
142

niiiiii
360
1.5

17
932
1640
670
NR

liiiiin

niiiiii
NA

J250
66

FOOTNOTES: E: Value is estiiated due to presence of interference.
R: Spike saiple recovery is not mthin control lints.
5: Valve is deterlined by standard addition.
*: Correlation coeff ic ient for nethod of standard addition is less than 0.995

(1: Positive values less than the contract required detection lint.
Note: All concentrations for letals are dissolved t*Uis.

NA: Not Analyzed
NR: Not Reported
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TABLE I
SUMIT NATIONAL SITE
RESIDENTIAL KILS SAMPLE RESULTS
REKDIAL INVESTIGATION REPORT

SMilt Location      t       

Saiplt Nuter: RNMI001 RH002NI RW02002 RW0400I MMOS001 RN099001 RWOM01 RW0700I MH08001 RWOfOOl MNIOOOI RNOI0002 RWII001 MMI200I MMI3001 RNOI400I RN09900I
Suili TYM' *nHM Rtsifetl RnUntl Rtsifctl Rnilntl Bla>k Rnitatl Rniditl Rnitatl tnifetl Rnitatl Rnifctl Rnifctl Rnidntl Hcsitotl ftHifetl Blwk

Bati Suflrii 12/04/84 12/04/84 12/04/84 12/04/84 12/04/84 12/04/84 09/13/86 Of/lS/86 09/13/86 Of/IS/86 09/13/86 W/I5/B6 Of/16/86 Of/16/86 M/16/84 Of/16/86 Of/16/86
OTR Nutbcr: ORS08 ORJOf 00610 8N61I OR812 DR6R02 EDI E02 E86
ITI Mutter! INORG08 INORSOf INOR610 INDR6II INOR8I2 IMRR02 NE6774 NE677S NE8776

IMIIMIIIUUIIIHIHIUHMimHMIMUMUUHMIMUMmif""""""""""'"""""""""""""""""""""
4-KTHYLPHENOL 1
HEIACHLOROETHANE 1
ISOPHDRONE 1
2-NITRDPNENOL i
2,4-DIICTHYLPKML !
BENIOIC ACIB 1
1,2,4-T8ICMLOROBENZENE i
NAPHTHALENE i
4-CHLOM-3-HETHYLPHENOL 1
2-*Tim.NAPHTMAL£NE 1
HEIACNUM8CYCUPENIA8IENE 1
IMElMn. PHTHALATE 1
ACENAPNTNYUNE 1
ACENAPHTMENE !
4-NITRBPHENOL 1
DIBENZDFMAN i
DIETHVLPHTHALATE 1
FLUDRENE 1
N-NITMSflHPHENniWINEIl) 1
HEIAOUMHEnENE 1
PENTACHL880PHENOL i
PHENANTHKNE 1
ANTHRACENE 1
DI-N-BUTVLPHUHLATE 1
FLINRANIHENE 1
PY8£NE ' i

•••«f Iff f*«*f«f •*••**•! ***••• •!••••• •**•**•••*•*•*•*•••**•*• •••

1 1 i 1 1 i
i i : : i :
i i i i : :
i i :
i i :
i i :
i i :
i i :
i i i
i l l '
1 1 i

1 1 1

1 1 1
I I I ,

1 1 1

1 1 1
i i :
i i i
i i i
! ! !
i i :
! 1 !
1 I 1
1 1 1
: i :

BUTYUEHYLPHTNftLATE 1 1 1 ! 1
DEN28(A)ANTHMCENE ! 1 1 1 1
BIS(2-ETmJCIYL)PHTHALATE ! ! 1 1 !
CHRVSENE i 1 1 1 1
DI-NHKTTL PHTNALATE i l l ! !
BENZOiaifiytMNTHENE I I I ! !
BENZOOUFLNMNTHENE ! 1 1 1 1
B£NZO(A)PYRE«E ! ! 1 1 I
1NDENO<I,2,3-CB)PYR£NE ! 1 1 ! !
DIBENZ(A,H)ANTHRAGENE 1 ! 1 1 1
BENZO(6,H,!)PERYLENE 1 1 I ! i

i i
I !
1 !
1 1
1 1
1 1
1 i
1 1
i 1
1 1
1 1
1 1

0.2 8,1 1 0.2 8,1 10.2 8,1
i 1
1 1
1 1
! !
i :
; !

1 8,1 ! 0.3 B,l 10.2 8,1
i !
1 i

!
1 t

0.7 8,1 ! 0.8 8,1 10.6 8,1
I !
1 1
1 1
! i
1 j
i !
i :
i :

TOTAL BASE/NEUTRALS AND ACIDS 1 1 ! 1 1 I 1.9 1 1.3 1 1.0

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS ANB ACIDS 0 . 4 1 O.B 1 4 . 2 1 0 .4 ! 1 . 4 1 0.11 3 . 1 1 1.1 1 11.4

£03 £04 EOS £00 E09 £10
NE8777 NE8778 NE6779 NCS7W NE678I K6782
ItHMIMMimiltUtUIUHMIIIIIIIIIIUtllllltlllll
: i i i : i
i : :
i
i
i
•
!
1
1
j
I
1

1

I
I
I
10.3 8,1

I
!
!
i
1
10.8 8,1

!
:o.i B,I
i

!
!
!
!
I
1
1
1
!
1
I
I
1
1

O.I 8,1 10.2 8,1

1
!
1
j
!

0.1 8,1 iO.2 8,1
1
1
1
!

11.1 8,1 iO.76,1 10.1 8,1
1 1 i
1 1 1
: : i
i : :
! i 1

i i i
I I !
i : :

1 2.3 1 0.9 1 0.3

1 1.8 1 13.2 1 10.9

i !
i i
1 i
1 !
! !
1 1
1 1
i :
i i
: i

i
i i
1 !
I !
1 i

i ;
! j
i 1
1 1
i !

O.I 8,1 iO.l 8,1 10.2 8,1
i 1
1 1
1
1 1

0.2 8,1 10.2 8,1 10.3 6,1

1 1
j •
1 1
1 i
; ;
: i
! ;

0.4 1 0.4 i 0.6

21 5.9 I 25.9

£07
NE6763
IIIIMIII
i
i
!
1
!
!
1
1
!
1
!
1
1
!
I
1

!
1
!
1
1
10.1 8,1
1
1
i
1
10.4 8,1

1
j
1
j
•
j
1

i 0.6

1 9.2

£11
HE6784
IttllIMM
1
1
1
!
!
1
1
1
1
1
I
i
1
!
1
!

I
1
j
I
i
1
1 0.3 8,1
1
1
J

1
1 0.3 8,1

1
j
j
j
j
•
j

: 0.7

: o
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TABLE 6
SUM!! NATIONAL SITE
RESIDENTIAL KLLS SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiple Location:        j    

Saiplt Nutbtr:
Saiplt Type:
Date Saipled:

OTR Nuiber:
ITR Nutbrr:

RN001001 RN002001 RN002002 RN00400I RN00500I RW9900I RN006001 RNOD7M1
Residntl Residntl Residntl Riiidntl Rtfidntl Blank Residntl Residotl
12/04/84 12/04/84 12/04/84 12/04/84 12/04/84 12/04/84 09/tS/Bi 09/15/84
OR608 DRG09 ORB10 DRSH OR612 OR6R02 E01 E02
INOR608 INOR609 1HOR610 IMORS1I INORS12 INORR02 HE6774 ME6779

RW08001 RN009001 RM10001 W010002 RVOIIOOI RN01200I RH013001 WWI4001 RH099MI
Rnidptl Rnidntl Rtsidgtl Reiidntl Rnidntl Reiidntl Rnidttl Residntl Hank
09/1S/U 09/15/84 09/15/84 09/15/86 09/16/86 09/16/86 09/16/86 09/16/S6 09/16/86
E06 E03 E04 EOS E08 E09 EIO £07 Ell
NE6776 HE6777 NE677B ME6779 ME67BO K6781 HE67B2 NE6783 KEG7B4

PESTICIDES and PCBs

ALPHD-BHC
8ETA-BHC
DELTA-BHC
BAMA-BHC ILINDANE)
HEPTACHLOR
ALNIN
HEPTACHLOR EPOIIDE
EMOSULFAN 1
DIELW1R
4,4-NC
EMM
4,4-MT
T8IWKK
AMDHM-1232
AROCMLOR-1242
AROCHLOR-1248
AROCHLOR-I2S4

TOTAL PESTICIDES and PCBs

: :
I !
! I
! 1
i 1
i :
i :
: i
i :
! i
: i
! i
; i
! !
i :
! !

[ j

i i :
i : :
i : :
i i :
i i :
i : :
: : i
i : i
: : :
: ; :
: : i
: : i
: i i
i i :

1 !
: : i
: i :

: i :

! :
: :
! !
! |
: i
! 1
i I
: i
i :
: :
! 1
i :
; ;
! !
1 1
! !
i !

1 j
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TABLE 4
SUIDIIT NATIONAL SITE
RESIDENTIAL NELLS SAHPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Saaple Location:           

Saiple Nuiber: RN00100I RM002001 RW02002 RN004001
Saeple Type: Residntl Residitl Residntl Residitl
Dite Suf led: 12/04/84 12/04/84 12/04/84 12/04/84
DTK Nuiher: OR608 MS09 OR610 OKI I
ITR Nuter: INOR60B INOR609 INDRSIO INOR6II

RN005001 RW99M1 RN004001 RN007001 RNOOBOOI RN00900I RNOIOOOI RNOI0002 RN01I001 RNOI200I RNOI300I RNOI4001 RN099001
Residntl Blank Residntl Residitl Rtsidatl Residntl Rniditl Rtsidntl Residitl Rendntl Rnitntl Residntl Hank
12/04/84 12/04/84 09/15/84 09/15/84 09/13/84 09/15/84 09/13/84 09/13/84 09/14/84 09/14/84 09/14/84 09/14/84 09/14/84
OR612 OR6R02 Efll E02 E04 E03 E04 EOS E08 EOf E10 E07 Ell
INOR6I2 INORR02 NE8774 NE8773 NE6774 NE6777 NEB77B NE8779 NE87BO NE6781 «Et782 NE8783 HE6784

1NOR6ANIC COMPOUNDS (units - ppb, encept «kere noted othernise)

ALUMINUM
ANTIMONY
ARSENIC
BARIUM 22
BERYLLIUM
BORON 521
CADMIUM 2.79
CALCIUM 47800
CHROMIUM 10.1
COBALT
COPPER
IRON 204
LEAD
LITHIUM 14.4
CYANIDE
MAGNESIUM 18800
MANGANESE 34.9
MERCURY
HOLYMENUH
Nltta 47.4
POTASSIUM 4250
SELENIUM
SILVER
SOIIUM 399000
STRONTIUM 740
THALLIUM
TIN
TITANIUM
VANADIUM
VTTR1DIUN
HNC 42.2
uiuumummmmmmmmuuuumimm
Total Alkalinity, as CaC03 <*g/l>
Auonia, as N lwj/1)
Nitrate/Nitrite, as N lag/1)
Chloride (ia/1)
Suspended Solids (ig/1)
Dissolved Solids (14/1 )
Sulfate Itg/ll
Acidity IM/D

1
!
i

121 ! 124
j

544 ! 540
!

3040 ! 2070
j
j

4.07 1
J
j
!
j

1050 ! 932
!
1
J
!
!
I
[

335000 i 341000
58.8 i 55.4

j
j
i
1
!
!

ummumuu

;
i
j
!
!
1
J

70.4

725

7090

42.4

2800
4.2

4520

783000
241

42.4
mum

: i i i (127) : (34) i : : 1 1 3 0 1 : : 11291 : (38)
i 1 i ! 3.3 S ! ! 17 S i 14 S ! 15 S ! 10 S
! ! ! ! ! 1 ! ! 1

15 i 1 ( ID i (84) i (184) ! 128) i l l !
! 1 ! ! 1 ! I ! 1

450 i i i : : i : : :
i : i s : i i : i

81200 1 ! 93400 ! 9080 ! (2040) ! (3840) ! 330000 1 339000 i 522000 1 529000
i : i i : : i : : (4)
; : : : : : i i :
! i (7.8) ! (4.9) i 74 ! (7.1) ! 32 i 41 ! (171 i (11)
! ! 1090 i ', 470 1 1 370 i ', 349 i 1 4030 J 1 4410 ) 110700 1 110900 )
! i i ! ! 1 1 i i

19.4 i : i : : i i : :
i l l : i : : i i

34800 1 ! 44000 ! (3590) 1 (940) i (1450) 1 131000 1 135000 i 250000 1 254000
44.9 1 : 48 1 (14) : : : 199 1 209 1 928 1 942

i : i i i : : o.s : i
i l l i i : i ; i
I ! ! t i l l ! (7.5) ! ( 7 )

7190 1 I 7090 E 1(4340) E 1(15401 E!C2740) El 13400 E 113400 E 110400 E 118400 E
i : i 1 : 1 1 1 :
: : : : : : : : :

274000 ! 1508000 E 1835000 E 1351000 Ei 544000 E! 292000 El 274000 E! 284000 Ei 289000 E
1330 : : : : : i : : i

i l l ! : : : : !
i : : : i i i i i
i l l i i i : : :
i l l i i i : : i
i i : i i : : : :
1 ! (17) i (II) 1 29 1 (9.81 i 23 1 24 1 (19) 1 (19)

ummmmuummmmmummummmmimmmmmmummumm
1 i 489 1 409 i 444 ! 531 i 430 1 432 1 552 1 558
j ! ; ! 1 i 1 1 1
: i : : : i i i :
i I 24 1 941 ! 8.9 1 504 ! 24 1 25 i 97 i 144
i i : : i i : i i
1 1 1940 1 2215 ! 857 i 1380 1 2720 1 2730 ! 4020 1 2400
: i : : i : i : :
1 1 NR! NR! NR! MR! MM NR! NR! NR

(24)

9970

(7)
(55) J

(4900)

(3470) E

524000 E

(4.1)
mum

444

9.5

1520

NR

135 !
1
I 13.8)
j
1
1

344000 1 (352)
j
j

(12) i (5.81
9420 J ! (IB) 1

j
j
j

141000 i
134 1

j
j
j

15000 E I
1
1

28)000 El
1

J

•

•

J

J

(IB) i (4.7)
ummmmm

447 !
J
J

IB :i
2850 !

NR : 3.2

pH (standard units)
Specific Conductance (Mhot/ce)

7.4
2500 I

8.7 !
1250 !

8.7 !
1350 I

7.
4500

7.3 !
2000 !

4.5 :
200 I

4.5 : 7.0 : 4.5 : 4.5 i 4.5 :
450 I 375 ! 820 I 400 ! 400 I

KA i
NA :

4.5 ! 7.0 i 4.0 I
300 ! 450 ! 313 !

NA
NA
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TABLE 6
SUIMIT NATIONAL SITE
RESIDENTIAL NELLS SAMPLE RESULTS
REMEDIAL INVESTI6ATION REPORT

Saiple Location:   r         

Staple Nuiber: RH00100I RN00200I RN002002 RN00400I RN005001 RN09900I RWOtOOl RN007001
Saiple Type: Residntl Residntl Retidntl Residntl Rnidntl Blank Residntl Rmihtl
Date Saipled: I2/04/B4 12/04/84 12/04/B4 12/04/84 12/04/B4 12/04/84 09/15/Ba 09/IS/Bi
OTR Nuiber: ORCOB OR609 OR610 OR6II ORBI2 ORSR02 E01 E02
ITR Nuiber: INORS08 INOR609 INOR610 INOR6II INOR6I2 INORR02 NEB774 "E6775

RNONOOI RN00900I RWIOOOI RW10002 RH01100I RNC12001 RN01300I RN01400I RH099001
Retidntl Rnidntl Rnidiitl Rnidntl Residntl Residntl Rniditl Reiidntl Blank
09/15/84 09/15/84 09/IS/B6 09/15/84 09/14/B4 09/14/84 09/14/84 09/14/84 09/14/84
E04 E03 EM EDS EOB E09 EIO E07 Ell
K6774 NE6777 NES778 HE6779 HEB780 NE67BI K6782 NE67B3 IK67B4

FOOTNOTES:
B: Analyte has been found in the laboratory blank ai Dell af the saiple. Indicates possible/probable contamination.
C: Applies to iitticide taraieteri iihere the identification has been confined by BC/hS.
E: Value is estiiated due to presence of interference.
J: A* estiiated value
S: Value is determined by standard addition.

SCi Suspected contaiinant
t): Positive values less than the contract required detection liiit.
NAi Not Analyzed
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TflBLE 7
SUIWII NATIONAL SITE
DRUM/TANK SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Sup If Location: Incin. Incin. IP-IS TP-1S TP-IS IP-IS Zo» I Zoni I TP-IH TP-W TP-2N TP-2N TP-3S link A Tank A Tank A

Saiplt Hubert TKOOIOOI TK001002
Sup If Typi: Tank Tank

Datl Satpltd: 11/14/84 II/I4/B4
OTR Vuiber: E580I E5802
ITB Nuiber: NES80I K5B02

KKKIilllllllll

ORBANIC COHPOUNDS lunits-u«/kg>
Mill

VOLATILES

DRN100I MOOIOOI M00200I M00200I DR00300I BR003001 DR004001 M005001 MOO1001 DR00700I DROOBOOl TK00200I TK002001 TK00200I
Drut Drui Driu Dru Oru Dru Drui Urn Br»i Driu Dru Tank Tank Tank
12/11/65 12/11/95 12/11/B5 12/11/85 12/11/65 12/11/85 I2/1I/B5 12/12/85 12/12/85 12/12/85 12/12/85 01/09/84 01/09/86 01/09/86
E5804 E5805-11 ESM3-I3 E5B06 ESB07 £5608 E5809 E5810 E58I1 E5B03-H E5B03-I2 E5B03-13
ICS813-11 NE5813-12 HE56I4-I1 1*5814-12 NE5BIS-I1 HE5BI5-12 HE534B-13 K5349-I3 NES350-I1 HE5352-I2 HE5353-I3 NE5812-I1 NE58I2-I2

lllllllflllllllllillllllllllKlllllllllilllllllllllittKKtlilli

CHIOROHETHANE
VINVl CHLORIDE
liTHYLENE CHLOSIK 1 10000 B
ACETONE
CARSON BISULFIDE
1,1-BICHLOROETHENE 50000 J
1,1-OICHLOWETHAK
TRANS-I.MICNLOROETHENE
CHLOROFORH
1,2-DICHLOROETHAK
2-BUTANONE 270000
1,1,1-TRICHLORKTHANE 3550000
1,1,2,2-IETRACHLORDETHANE
TRICHLOROETHENE
1,1,2-IRlCHLOROETHANE
BENZENE
2-HEIANONE
4-NETHVL-2-PENTAWNE
1ETRACHLOROETHENE
TOLUENE 260000
CHLMOBEN2ENE
EIHYLBEN2EIC 160000
STYKENE
TOTAL IfLENES 250000

TOTAL VOLATILES 4650000

TOTAL TENTATIVELY IDENTIFIED
VOLATILES 3B42000

BASE/NEUTRALS AND ACIDS

N-NITROSODIIKTHVLAI1IHE
PHENOL
ANILINE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-hETH»LPHENOL
BISI2-CHLOR01SDPROPVDETHER
4-NETHVLPHENOl 525000

110000 8

250000
3120000

240000

140000

3B60000

4317000

67000 J

664000

95001
3300 J,B

8600 B
19000

13000

62000

13000
370000
10000

508400

0

820(1 J,H

0

34000 1,8
61000 J,l

26000 }
15000 J

136000
E£=£==ZZZZ

0

1800000 i,t
4800000 B

6600000
Z3ZSZSZZZZZ

0

6100 B
4100 B

620 J,l

58008
1500 J

1400 J

1200 J

21000

570 )

4400

46690
•zc«s»s»

0

islzasssss

0

20000

14000 8

2000 J
110000

146000
ICCZSZ=Z=S

0

8900 B,n
1600 B,II

370 J,"
770 1,1*
3100 ••
5400 B,H
1700 H

1500 ii

3200 H

2100 H

8700 H

37340

0

100000 8
180000 B

64000 J,B

340000

23000 J

140000

867000

0

5700 8,»
2300 B,n

690 J, 8

7000 8 »

6100 H

650 ],u

22440

0

20000 J,B
160000 8

72000

37000 J,B
19000 J

140000

31000 J

190000

640000

1509000

0

1200000 i,t

1100000 J

9100000

1300000 )

8400000

21100000

0

6300 B
36000 B

72000 B

43000

64000

6000

32000

259300

0

1100000 1,8
9500000 8

13000000

54000000

10000000

55000000

142600000

0
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TABLE 7
SiJIMII NATIONAL SHE
DRUB/TANK SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiple Location: Incin. Incin. TP-1S TP-IS TP-IS TP-IS Zone I Zone I IP-11 TP-9N TP-2D TP-21 TP-3S Tank A Tank A Tank A

Saiple Nuifcer: TK001001 TK001002 DR001001 DR001001 DR002001 DR002001
Saiple Type: Tank Tank Drui Drui Drui Drui

Date Saipled: 1I/14/B4 11/14/84 12/11/85 12/11/85 12/11/85 12/11/85
OTR Nuibir: E5801 E5802 E5804 E5B05-11 ESB05-13
1TR Nuiber: NE5B01 NE5B02 ME5B13-U NE5B13-12 HE58I4-II NE5814-12

DR003001 DR00300I DR004001 DR005001 DR006001
Drui Dru Drui Drui Drui
12/11/85 12/11/85 12/11/85 12/12/85 12/12/85
E5806 E5807 E5BOB E5809
ME5BI5-11 HE5815-12 HE534B-13 NE5349-13 NE5350-11

DR00700I DR008001 TK002001
Drui Drui Tank
12/12/85 12/12/85 01/09/B6
E5810 E5B1I E5803-11
KE5352-12 NE5353-I3 NE5B12-1I

TK00200I TK002001
Tank link
01/09/96 01/09/86
E5B03-I2 E5803-13
HE5B12-12

lltllitltftflltttttllttftf

KE1ACHLOROETHANE
ISDPHORONE
2-NITRDPHENOl
2,4-DINETHYLPHENOL
BENZOIC ACID
1,2,4-TRICHLDRDBENZENE
NAPHTHALENE
4-CHLORO-3-KETHVLPHENOL
2-KETHVLNAPHTHALENE
HEIACHLOROCVCLOPENTADIENE
DIMETHYL PHTHALATE
ACENAPHTHVLENE
ACEMPHTHENE
4-NITROPHEWL
DIBEN20FURAN
DIETHYLPHTHALATE
FLU8RENE
N-NITRDS8DIPHENYLAniNE(l)
HEXACHL8RDBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUODANTHENE
PVRENE
BUTYLBENZYLPHTHALATE
BENZ8IAIANTHRACENE
BIS(2-ETHYLHE»YL)P«THALATE
CHRVSENE
DIN-N-OCTVL PHTHALATE
KN10IBIFLUORANTHENE
8ENZOIKIFLUORANTHENE
BENZOIAIPYRENE
INDENO(1,2,3-CDIPYRENE
DIBENZIA,H)ANTHRACENE
BENZO(6,H,IIPERYLENE
=:r=z============ss:=ss======

TOTAL BASE/NEUTRALS AND ACIDS

TOTAL TENTATIVELY
IDENTIFIED BASE/NEUTRALS AND ACIDS

101000

23000 J

25000 J
25000 J
16000 J

2B1000

996000
=========

10973000

109000

24000 J

28000 J
112000

298000

1302000

IB235000

2900 J,»

=£=======

11100=========
33000

=========

=========

0

5700 J,"

21000 II

43000 i<

69700

32000

14000 J,««

100000 "

114000

28000

=========

0

=========
=========

0

=========

=========

0

=========
=========
170000 18000

=========

0

85000 )

28000 )

=========

113000

0

360000 >*

470000 »«

2BOOO J,H

4200 J, i<

28000 J,H

890200

10700000

12000 J,n

11000 J,«l

21000

20SOOO

34000 J,u
34000 <l
4000 J,li

4700 J,»

2000 J,«<

2BOO J,"

2300 J,M
1600 J,fi

B5400

0

PESTICIDES AND PCBs

ALPHA-fHC



—1 —I

I«S VBS33XES:=S== ===3E==E3=SE3X»SC»S=EX3SZEE33 =EE===

; WSH'93d P>» S3flI3IlS3d IViOl
:S=SE2=====================

ZUI-DOWIOW

II-II8S3M
JI-MBS3 JI-I06S3
9B/M/IO 98/60/10

fu>i i«i
lOOZOOH IOOIOOK1

II-ZIBS* JI-£StS3N ZI-ZSES3H ll-OStS3M tl-6K«3M JI-BKS3N ZI-SJBS3H II-SI8S3H
II-J09S3 II8S3 01BS3 60853 80K3 i08S3 108S3
98/60/10 S8/H/ZI S8/Z1/ZI S8/Z1/ZI S8/ZI/ZI S8/1I/ZI S8/II/JI 58/ll/ZI

^HI nug wijg IDJQ injg injg njg nun
KHMOCHU 100«H»M 100900DC IOOSOOM IOO»OOH 100IMHO IOOJOOW

JI-HK3H 1I-HK3H ZRI8S3N II-II8S3M
£1-50853 II-S08S3 t0853
58/H/ZI S8/II/II S8/II/II 58/II/ZI

njf injg nug njg
IOOZOOIH lOOZOOM IOOIOOW 100IOOM

Z08S3M
20853

H/»l/ll
jut}

H 0081

H oon

H 09/>

t« OSZ9

IOBS3U -"W Oil
I08S3 ••»<*"* »10

»8/»l/1l ^I'l'S M'Q
^u»i :sdAi

IOOIOOK1 =-«1"Mt

NIIMN3
]«-»'»

NIN13K1

3dlJ(M3 HOTH3V1J3H
KIWH

3W-W1M
3H8-K139

Bi-dliz-di ni-di m-di i *«n i «•»!Sl-dl Sl-dlSl-dl

I»0d3«
31dUVS

3115 1VNOI1VN

£ 3B»d



TABLE 7
SUMMIT NATIONAL SUE
DRUM/TANk SAMPLE RESULTS
REMEDIAL INVESTIGATION REPORT

Saiple Location: Incin. incin. IP-IS TF-IS TP-IS TP-1S lone 1 lone I TP-U IP-91 TP-JU TP-2K TP-3S Tank A Tank A lank A

Saiple Nutter: TK001001 TK001002 DROOIOOI DROOIOOI DR002001 DR002001 DROOIOOI DR003001 DR004001 DR00500I DR006001 DR00700I DROOB001 TK00200I TK002001 IK00200I
Saiple Type Tank Tank Drui Drui Drui Drui Drui Drui Drui Drui Drui Drui Drui Tank Tank Tank
Date Saiplcd: 11/14/84 11/14/84 12/11/65 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85 12/12/85 12/12/85 12/12/85 12/12/85 01/09/86 01/09/86 01/09/B6

OTR Nuiber: E5B01 E5802 E5B04 £5805-11 £5805-13 E5B06 £5807 ESBOB E5B09 £5810 E5811 E5B03-11 E5803-12 E5B03-13
UR Nuiber: NE5801 HE5802 HE5B13-I1 ME5813-I2 ME5B14-11 ME5B14-12 ME58I5-1I ME58I5-12 ME534B-13 ME5349-13 ME5350-I1 M£5352-12 ME5353-13 ME5B12-1I ME5B12-12

INOR6ANIC COHPOUNDS (units) N6/K6 DRV HEIGHT

ALUNINUH
ANTIMONY
ARSENIC
BARIUH
BERVLUUH
CADKIUH
CALCIUM
CHROMIUM
COBALT
COPPER
IRON
LEAD
CYANIDE
NA6NESIUH

699

[891

2.4

202 R

28
2050

168

14

4800

67
turn
TNOTES

803

68

7.9

IB9 R

28
2050

195

17

4760
12.31

18 R

71
KIIIIIIK

3130 1 2830

226

7810

3800

5360

1440
77

2700

2790

4010

14900

B09
60.6

3040 6240

404

1410

16500

139 R
4090

6B

527
25700 F

768
2340
9B2

2BOO

710

1330 F

88 R

69.7

6210

16BO

120
162000 F

460

871
331

2680

MERCURY
NICKEL 64 55 117 70.9 66.7 99.8 241 142 57.9 74 189
POTASSIUM
SELENIUM
SILICON 1400 E ! 897 31100 E 2710 E 2900 49700 E 21900 E 2160
SILVER
SODIUM 4800 4760 i
THALLIUM
TIN
TITANIUM ! 602 979 428
VANADIUM
ZINC 67 71 i 203 150 198000 111 629
IIIMIIIllt«l<lllllll<lllflllll<lll<l<lll«lllllllllll<tll<lllllll<UIII(l<ltl<llllfHIMIIIIIIIIHIIIIIII1UIIIIIIIIIII<lll<l<ltlll«lllllllll<lll<l<l«llll>IIUIIIIII>lll<lllllllllillllllllllllllll>llilllll<IIIU<
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CHAPTER V
PROGRAM QUALITY ASSURANCE

The purpose of this chapter is to present a summary of the different aspects of quality
assurance (QA) and to show their interrelationship within the overall structure of the
program. This information is included to familiarize users with the program's basic
QA principles and their application, and to facilitate a more complete understanding
of the quality of CLP analytical data in terms of potential utilization.

A, friterface with Agency Quality Assurance

The primary role of the CLP is to support the Agency's Superfund investigation
and cleanup efforts by producing analytical data of known and documented
quality useable for Agency enforcement actions keyed to identification of
pollutant sources and recovery of cleanup costs. Therefore, a comprehensive
quality assurance program that reflects Agency QA objectives has been
incorporated into all aspects of CLP operations. The CLP links two primary
aspects of quality assurance (QA): field QA, which includes field sampling
operations and QA project planning; and laboratory QA, which is comprised of
analytical method QC and external or program QA.

Field operations include sampling activities performed by the EPA Regions and
National Remedial Action/Field Investigation Team (REM/FIT) and Technical
Assistance Team (TAT) contractors, which result in samples being processed
through the CLP for analysis. The CLP NPO coordinates closely with these and
other Agency sampling groups and Agency QA teams, in the development and
application of quality-controlled Program Plans and site-specific Project Plans.
These plans include the consistent use of Agency-specified containers, sampling
techniques, sample preservation, sample tags and chain-of-custody documents,
and adherence to DOT regulations in sample shipment. The CLP strongly
supports the use of consistent field sampling, and sample packaging and shipment
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techniques, and specifies types of sample containers and required sample
volumes for appropriate target analyses. Through its Sample Bottle Repository
system, the CLP provides Superfund samplers with the precleaned sampling
bottles for use in the field.

The CLP is directly involved in all aspects of laboratory QA. Analytical methods
require extensive Agency-specified quality control (QC) procedures and
documentation to ensure a complete data product that will withstand legal
scrutiny. The CLP operates an extensive external QA program, which includes:
pre-award and post-award laboratory performance evaluation sample analyses
and laboratory facility evaluations, required submission of laboratory Standard
Operating Procedures (SOPs) for analytical operations and documentation,
continuous monitoring of lab performance by Headquarters contract POs and
Regional OPOs, and a multi-level data review process to evaluate the validity of
the data product.

The CLP, through a variety of mechanisms, continuously strives to improve the
quality of program data by maintaining state-of-the-art analytical methods,
refining the structure and requirements of analytical contracts, and strengthen-
ing lab operations. CLP QA activities are coordinated through the NPO QA
Officer, to ensure that the CLP is operating in accordance with overall Agency
QA mandates.

The application of field QA is addressed in Chapters II and III, where sample
volume, container, preservation, packaging, shipment and documentation
requirements are discussed. Analysis or method QC is addressed for each
analytical program in Chapter II, which contains a description of contract
analytical methods and QC requirements for each program. The following
sections of this chapter describe the program* external laboratory QA activities.
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B. Laboratory Selection Process

1. Bid Price

The first criterion for laboratory selection is bid price. Following bid
opening, bid abstracts are reviewed and evaluated by NPO and EPA
contract officials. The lowest competitive bidders are selected to
participate in pre-award bid confirmation, the process through which
bidder responsiveness and responsibility for award are demonstrated and
evaluated.

2. Pre-Award Bid Confirmation

Pre-award bid confirmation may include three activities: (1) bidder
analysis of performance evaluation (PE) samples; (2) bidder submission of
Standard Operating Procedures (SOPs); and (3) site evaluation of the
bidder's facility, performed by EPA program management and contracts
personnel.

a. Performance Evaluation Sample Analysis

Laboratories chosen to participate in the pre-award process are sent
a set of PE samples for analysis. The PE samples are prepared by
EMSL/LV and are representative of the types of field samples that
the contractor would routinely be analyzing under the subject
procurement. The laboratory is required to analyze PE samples
according to contract procedures set forth in the IFB, and to report
PE sample data according to IFB requirements, within a time period
of 21 days. Bidders' PE sample data are evaluated by NPO and
EMSL/LV personnel, in terms of compliance with contract require-
ments and accuracy of determination of compounds at the levels



known to be in.the PE samples. Analysis results are rated by a
scoresheet developed by EMSL/LV. The PE sample score is a primary
consideration in determining bidder responsiveness/responsibility for
contract award.

b. Standard Operating Procedures

Bidders are required to submit copies of all laboratory Standard
Operating Procedures (SOPs) at the time of submission of PE sample
data. SOPs are not required to coincide with each specific detail of
the contract requirement, but must be representative of good
laboratory practices and must demonstrate that the laboratory has a
facility-wide quality assurance program in place and operating.
Bidder SOPs are reviewed by NPO and EMSL/LV personnel and are
utilized by EPA in performance of the site evaluation.

c. Laboratory Evaluation

EPA NPO and EMSL/LV personnel participate in site evaluations of
laboratory facilities of bidders which scored acceptably on the PE
sample analyses. EPA personnel perform a walk-through of the
facility and complete a site evaluation questionnaire. The results of
the site evaluation are considered in final determination of bidder
responsiveness/responsibiiity for contract award.
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C Laboratory Start-Up Process

Laboratories entering the program undergo a learning curve process during which
they become fully familiarized and obtain expertise in application of program
methodologies and quality control procedures. To reduce the learning curve
period and bring laboratories *\jp to speed" in a timely manner, CLP management
employs a series of laboratory start-up procedures which are utilized during the
laboratory's initial contract operations and whenever laboratory problems are
identified during contract performance.

1. Provision of Standards to Laboratory

Immediately following contract award, EMSL/LV arranges for the provision
of standard materials (SMs) to the contractor, through the Agency's
contractor-operated QA Materials Bank. These SMs are utilized by the
laboratory in performing initial instrument calibrations and as reference
standards throughout contract performance.

2. PO Review of First Data Packages

Initial data packages are targeted for immediate review and evaluation by
the NPO Project Officer (PO), EMSL/LV and the Region. This review is
intensive and focuses on any problems the laboratory has, either in applying
methodologies or in reporting the data. The PO then supplies feedback to
the laboratory concerning the status of the data and works with the
laboratory in identifying and remedying problems.

3. PO/DPO Laboratory Visits

Depending on the extent of the problems found during the review of an
initial data package, the PO may visit the laboratory facility and work on-
site with laboratory personnel in rectifying problems. This process also
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occurs on an ongoing basis during the life of the contract. Site evaluations
are performed yearly by EPA staff, and the PO and/or Deputy Project
Officer (DPO) visit the laboratory on an as-needed basis to resolve
performance problems.

PO/DPO/SMO/Laboratory Communication

Telephone communication is the most widely applied method for problem
solving and maintaining efficient laboratory operations, both during the
laboratory start-up phase and throughout the performance of the contract.
During the start-up period, communication links are established and the
laboratory becomes familiarized with the communication process. In
general, the laboratory notifies SMO immediately upon identification of
any problem regarding the samples (e.g., insufficient sample volume) or any
difficulties encountered in analysis. SMO routinely resolves sample-related
problems in coordination with the Regional client, and refers technical
problems to the contract PO, who contacts the laboratory and resolves the
problem. The resolution and any specific actions taken are reported to
SMO which records this information as part of the permanent Case record.
The laboratory also records the problem and resolution on the sample data
report, so that the Region considers this information in association with
evaluating and using the data. With the appointment of Regional DPOs to
assist in the monitoring of contractor performance, the DPO will play a
major role in ongoing laboratory problem resolution in coordination with
the PO.
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D. Laboratory Performance Evaluation

1. Performance Evaluation Sample Analysis

Performance Evaluation (PE) samples are prepared by ORD EMSL/LV and
sent to contractor laboratories for analysis, normally on a quarterly basis.
PE samples are typically shipped as 'tiouble blind" samples, i.e., the PE
samples are not discernable from routine field samples, to ensure that the
laboratory processes the samples in a routine manner. Evalution of PE
sample data is performed by EMSL/LV and is used by the NPO in formally
evaluating laboratory contract performance. Additionally, PE sample QC
data are entered by EMSL/LV into the program's QA Data Base, and are
utilized, along with other laboratory data, in trend analyses, and evaluation
and revision of contract QC criteria.

2. Laboratory Site Evaluation

At least once a year, EPA NPO, Regional and EMSL/LV personnel visit
each laboratory facility and evaluate laboratory procedures. The evalua-
tion reports which result from these site visits are utilized by the NPO in
identifying and remedying laboratory performance problems. Repeat site
visits by EPA NPO, Regional and EMSL/LV personnel are made on an as-
needed basis throughout the year, to resolve laboratory problems.

3. Corrective Action

Upon identification of laboratory performance problems, the PO and DPO
work closely with the laboratory to effect correction of the problems.
Depending on the scope of the problems, the laboratory may be placed on
temporary hold, whereby the laboratory does not receive additional
samples for analysis until the problem has been corrected.
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Should the contractor's non-compliance to contract performance or
deliverable requirements continue, the EPA Contracting Officer is
requested by the NPO to issue a Show Cause Notice to the contractor.
This document requires the contractor, within a ten-day period of time, to
present the government with any facts bearing on the issue, to be used in
the government's determination regarding whether the contractor's failure
to perform arose out of causes beyond the laboratory's control and without
fault or negligence on the part of the contractor. The contractor, in
response, must submit substantial evidence to demonstrate that the
contract should not be terminated for default.

A recovery plan is generally included as part of the contractor's response
to the Show Cause Notice. EPA Contracts and NPO officials review the
contractor's response and proposed recovery plan, and determine whether
the contractor has presented sufficient evidence to demonstrate timely
remedy of the noncompiiance. Following this review, if the contractor has
presented acceptable evidence toward recovery, the government issues a
Cure Notice to the contractor which delineates the government-accepted
recovery plan that the contractor must follow to avoid contract termina-
tion. The government's recovery plan includes actions and time schedules
for completion of each step of the recovery process, and specifies an
overall time period acceptable for completion of recovery.

Should the contractor not comply with the recovery schedule, the next and
final step may be contract termination by the government for default. In
addition to terminating the laboratory's contract, this action impacts on
evaluation of the contractor's responsiveness/responsibility for award under
future CLP solicitations.
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E, Sample Data Evaluation

1. Intercomparison Check Sample Studies

Intel-comparison check sample studies are initiated by the EPA Regions on
a periodic basis and involve simultaneous shipment of known samples to
two or more CLP and/or Regional laboratories for analysis. Check samples
are routinely shipped as '^single blind" sample, i.e., the laboratory is aware
samples are check samples but does not know sample composition.
Analytical data from study participants are compiled by the Region and
used in comparative data evaluation. The Region provides intercomparison
sample study results to the NPO and EMSL/LV for use in programmatic
applications. These studies differ from the PE sample program in that
check sample data do not result in contractual evaluation of individual
laboratory performance.

2. Regional Sample Split/Spike Programs

This Regionally-directed program involves simultaneous sample analysis by
two or more CLP and/or Regional laboratory facilities, and provides the
Region with comparative data utilized in evaluating application of
methods. In the sample split program, the Regions arrange to have field
samples split and sent to different contractor and Regional laboratories for
analysis. In the sample spike program, a known sample volume is prepared
and divided into two or more equivalent portions. Each sample portion is
then spiked with known levels of contaminants, and sent to different
contractor and/or Regional laboratories for analysis. Results of split/spike
sample analyses performed by CLP laboratories are provided to the NPO
and EMSL/LV by the Region.
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F. Analytical Data Review

Upon completion of analysis and data reporting, the laboratory simultaneously
"' sends a copy of the complete data package to the CLP SMO, EMSL/LV and the

Regional client. Each of these groups performs complementary aspects of data
review.

1. EMSL/LV Data Review

On a routine basis, EMSL/LV performs a comprehensive QA audit on CLP
sample data packages using MiL Standard 105D. Based on this review,
EMSL/LV prepares a detailed report on the data packages, which is
provided to the NPO and to Regional clients by SMO. This review package
is valuable to both program management and users in evaluating the
suitability of the contract methods to the types of samples analyzed, the
quality of the analytical data, and the performance of the contractor
laboratories.

In addition, EMSL/LV enters surrogate and spike recovery information into
the program's QA Data Base. These data are then statistically evaluated
and utilized to determine and revise contract QC acceptance windows for
CLP-generated data and to characterize laboratory performance.

2. Regional Data Review

The Regional client reviews all data packages resulting from Regional
sampling efforts. It is the responsibility of the Region, as the data user, to
determine the applicability of each data package to its intended use, e.g.,
site investigation support, cleanup activities and/or enforcement actions.
In this review, the Region applies its standard CLP data review procedures
and references the requirements of the contract Statement of Work under
which the analyses were performed.
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3. SMO Data Check for Completeness

Each CLP-generated data package is checked for completeness by SMO
upon receipt. SMO reviews the data package verifying that all
contractually-required forms are included and that forms are completed
according to contract specifications. Should SMO identify any missing
information, incomplete forms or other problems with the data package,
SMO immediately notifies the NPO PO, EMSL/LV and the Regional client.
At this time, the laboratory is contacted and instructed to submit the
missing or incorrect portions of the data package.

it. SMO Data Review Services

Under direction of CLP management, SMO may perform additional data
review, checking the data for compliance to contract QC procedures and
parameters and for applicability to its intended uses. This review is
provided on a limited basis in response.to specific Regional request.
Consult Chapter IV, Section E, for a complete description of the data
review services provided and appropriate request procedures.
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G. Analytical Methodology Improvement/Development

1. Protocol Standardization and Improvement

Refining and improving analytical protocols to maintain state-of-the-art
status and to reflect newly-defined or changed requirements of the
Superfund effort, is an ongoing activity for all CLP participants. This
effort is accomplished through an established system of information
transfer coordinated through the NPO. All program participants submit
comments or recommendations to the NPO on an ongoing basis. The NPO
reviews all submitted information and considers recommendations for
program application, on a periodic basis.

Since 1982, input on protocol improvements has come primarily through the
CLP Technical Caucuses which involve NPO, EMSL/LV, EMSL/Cincinnati,
EPA Region, SMO, laboratory and other program support contractor
personnel. Analytical methods and data reporting formats are reviewed
and discussed in detail at the caucus sessions. EPA personnel then review
caucus discussions and compile concensus recommendations for protocol
changes. Following NPO approval of recommended changes, laboratory
contracts are modified by the Contracting Officer to include recommended
revisions, through contract change order actions. All laboratory contracts
within an analytical program are changed concurrently to maintain
consistency across the program.
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2. Method Development

Development of new analytical methods may be initiated by a newly
identified or redefined Agency analysis requirement, such as dioxin
analysis. Analytical methods utilized in the CLP are based on EPA-
developed and approved methodologies. The NPO, EMSL/LV, EMSL/Cin-
cinnati, and/or EPA Regions have historically contributed to development
of new program analytical methodologies. Regardless of the group
responsible for method development, methods are reviewed by several
sources and are tested prior to implementation, to the extent possible to
meet program requirements.



A. Organic Routine Analytical Services (RAS)

1. Sample Matrices, Concentration Levels and Volumes Required

The organic RAS contract methods apply to analysis of water (aqueous) and
soil/sediment samples. Samples for analysis should be single-phase,
homogeneous samples of a similar matrix. Sample matrices other than
water, sediment or soil are processed through the SAS program.

•Organic RAS contract methods determine concentrations of organic
compounds ranging from low or environmental levels of concentration to
medium levels, where a compound may comprise as much as 15 percent of
the total sample, at the lowest appropriate detection limits. Low level
samples are considered to be those collected off-site, around the perimeter
of a waste site, or in areas where hazards are thought to be significantly
reduced by normal environmental processes. Medium level samples are
most often those collected on-site, in areas of moderate dilution by normal
environmental processes. Low and medium level designations are made in
the field by the sampler to determine packaging and shipment procedures.
Low and medium level analysis designations are performed within the
laboratory to determine the appropriate analytical protocol to be used.

Samples collected on-site where high levels of contamination are suspected
(Le., drum samples) are routinely shipped to a Hazardous Substances
Laboratory for sample preparation prior to analysis. High hazard sample
preparation is discussed in Section D of this chapter. Alternatively, HH
sample preparation and analysis can be obtained through SAS as described
in Section E.

The sample volume and container types required for RAS organic analysis
vary according to the matrix and estimated concentration level of the
sample. For RAS organic analysis of a water sample estimated as low
level, one gallon sample volume is required for extractables (B/N/A), and
80 ml for volatiles (VOA). The sample should be collected in two fc-gallon
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or four 1-liter amber glass bottles, and two 40-ml glass vials. For RAS
organics analysis of a water sample estimated as medium level, a four liter
volume is required for extractables and 80 ml for volatiles. The sample
should be collected in four 1-liter amber glass bottles or four 32-ounce
glass jars, and two *0-ml glass vials. For RAS analysis of a soil/sediment
sample estimated as tow or medium level, a six ounce volume is required.
The sample should be collected in one 8-ounce glass jar for extractables
and two 120-ml glass vials for volatiles.

Each sample estimated as medium level (both water and soil) must be
enclosed and sealed in a metal paint can for shipment. If it is not certain
whether a sample should be categorized as low or medium level, volume
should be collected as specified for low level samples, however shipping
procedures must be followed as designated for medium level samples.
Sample portions for volatile analysis (water and soil) should be collected so
that the containers are completely filled, leaving no headspace.

Water samples for duplicate analyses must be collected at double the
volume specified for extractables, and triple the volume specified for
volatiles. Additionally, for water samples one field blank should be
supplied per Case, and one volatile trip blank should be supplied per
shipment. No additional volume is required for soil sample duplicate
analyses, and no blanks are currently required for soil samples. Soil blanks
will be used in the future and will be supplied to Regions by EMSL/LV.

If sufficient sample volume is not provided, complete analysis may not be
possible. If this occurs, SMO will contact the RSCC to determine
appropriate adjustments in analysis.

Required sample volumes and container types for RAS organic analysis of
water and soil samples are illustrated in Appendix C. Pre-cleaned sample
bottles are available through the Sample Bottle Repository, as detailed in
Chapter IV.
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2. Compounds Identified and Quantified

The organic RA5 program provides identification and quantification of ERA
Hazardous Substances List (HSList) organic compounds in water and
soil/sediment samples. These compounds, which include priority pollutant
compounds and other organics of interest, are identified on the organic
data reporting sheets in Appendix B.

in addition, the laboratory is required to execute a maximum of 30
EPA/NIH Mass Spectral Library searches for compounds not identified on
the HSL. The 10 peaks of greatest apparent concentration in the volatile
fraction and the 20 peaks in the base/neutral/acid fraction are tentatively
identified and the concentration estimated, following a visual comparison
of sample spectra with the nearest library matches. The tentative
identification of non-HSL organic compounds provides information on
potential organic contaminants outside of the analytical parameters of the
RAS program.

3. Contract Deliverable Requirements

The organic RAS program specifies contractually-required deliverables for
sample extraction, volatile analysis and data reporting. These
requirements include: completion of sample extraction within five days of
sample receipt by the laboratory, completion of volatile analysis within
seven days of sample receipt, and completion of extractable analysis and
reporting of data within 30 days of sample receipt. Laboratories are
subject to financial penalties for late delivery in meeting these deadlines
and incentives for early delivery of the final data package. Illegible data
reports are considered unacceptable, and the laboratory is required to
resubmit readable versions of any illegible pages.
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The organic RAS data package supports independent sample data review by
the client user. Through review of data package components, the client
can determine the quality of the analytical data.

Each organic RAS data package includes the following components:

o Narrative report, describing analytical problems encountered and
internal decision tree processes applied.

o Copies of sample Traffic Reports.

o Quality control summary, containing surrogate, reagent blank and
duplicate matrix spike analyses recoveries and instrument tuning and
performance information.

o Sample data, including tabulated results of the organic HSL compounds
identified and quantified, and the tentative identification and estimated
concentration of up to 30 non-HSL organic compounds in greatest
apparent concentration, reported in ug/l or mg/kg.

o Raw sample analytical data, including sample chromatograms, spectra,
quantitation reports, and calculations.

o Standards data package (for each Case of samples), including chromato-
grams, spectra and data system printouts.

o QC data package, • documenting instrument tuning and analytical QC
criteria.

The organic RAS deliverables index and copies of organic data reporting
sheets are contained in Appendix B.

Analytical Protocols

The standardized organic analytical methods are based on Federal Register
(FR) Methods 625, 608, and 624 modified for CLP use in the analysis of
both water and soil samples. Analysis for the organic HSL compounds
includes a GC and GC/MS analysis to achieve the lowest appropriate
detection limits for each sample fraction.
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a. Water Method

Water samples for full organic analysis (base/neutral/acid, volatile
and pesticide/PCB compounds) are first prepared and/or solvent
extracted, resulting in three individual sample fractions: extractable
or semivolatile (B/N/A); volatile (VOA); and pesticide/PCB. Extracts
are cleaned up when necessary, using optional column chromato-
graphy techniques.

The identification and quantification of the organic HSL compounds
in water samples is performed by GC/MS for B/N/A and VOA
fractions, and by GC/EC for the pesticide/PCB fractions.

fri addition, the 20 highest non-HSL base/neutral/acid compound
peaks and the 10 highest non-HSL volatile peaks are tentatively-
identified and their concentration estimated, using a forward search
of the EPA/NIH Mass Spectral Library.

b. Soil Method

Soil samples for full organic analysis (base/neutral/acid, volatile and
pesticide/PCB compounds) are prepared by sonification prior to
solvent extraction. Extracts are cleaned up using optional column
chromatography techniques when necessary.

The identification and quantification of the organic HSL compounds
in soil samples is performed by GC/MS for B/N/A and VOA fractions,
and by GC/EC for the pesticide/PCB fraction.

In addition, the 20 highest non-HSL base/neutral, acid peaks and the
10 highest non-HSL volatile peaks are tentatively identified and their
concentration estimated, using a forward search of the EPA/NIH
Mass Spectral Library.
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c. Method Detection Limits

Low level analysis method detection limits (MDLs) for water samples
are based on MDLs for each organic compound using FR Methods 62<*,
625, and 60S, and are at the part-per-billion (ppb) leveL Approximate
achievable MDLs for low and medium level water and soil samples
can be calculated based on the sample size and on
concentration/dilution factors.

MDLs are provided for analytical guidance, as the limits are highly
matrix dependent. Matrix interferences vary considerably depending
on the nature and homogeneity of the sample, on the interferent
contaminants which coextract from the sample, and on the sample
volume taken for analysis. The list of contract-specified MDLs for
low level water samples is included in Appendix B.

5. Contract Quality Control Requirements

The CLP quality control (QC) program for organic RAS laboratory analysis
is structured to provide consistent results of known and documented
quality. The program therefore places stringent quality control
requirements on all laboratories performing sample analyses. Sample data
packages contain documentation of a series of QC operations that allow an
experienced chemist to determine the quality of the data and its
applicability to each sampling effort. In addition, laboratory contracts
contain provisions for sample re-analysis if and when specified QC criteria
are not met by the contract laboratory. Each CLP laboratory is also
encouraged to develop additional internal QA/QC procedures,

The minimum QC requirements of the organic RAS program consist of both
an initial and ongoing demonstration of laboratory capability to generate
acceptable precision and accuracy with the contract methods in the
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analysis of water and soil samples. CLP contracts define extensive Qc
procedures that must be performed and documented, and criteria that must
be met. These include, but are not limited to, the following:

o GC/MS instrument tunes for both volatile and semi-volatile
compound analyses.

o kutial multi-level calibration for each HSL compound.

o Continuing calibration for each HSL compound.

o Addition of surrogate compounds to each sample and blank for
determining percent recovery information.

o Duplicate matrix spike analyses,

o Reagent blank analyses.

Certain of the above-listed QC procedures demonstrate that the
instrument is operating within contract specifications. These include: a
demonstration that the two tuning compounds (DFTPP for extractables and
BFB for volatiles) meet the defined ion abundance criteria; determination
of an average response factor (RF) based on a calibration using several
concentrations of each HSL compound that must meet a defined relative
standard deviation (RSD) and minimum RF; and, a continuing calibration at
a single concentration for each HSL compound for which specified
compounds are flagged as controls which must meet defined percent
difference (%D) from the initial RF or a new initial calibration must be
performed.

Other QC procedures are required to demonstrate the quality of the
analytical data generated. These include: addition of surrogate spikes to
all samples and blanks to monitor sample preparation and analysis and to
provide percent recovery information for each sample, so that the
suitability of the method for each sample (regardless of matrix) may be
established; analysis of duplicate matrix spiked samples to display the

23



precision of the method for the particular Case and also to provide percent
recovery information for defined HSL compounds (specified matrix spikes)
as for surrogates; analysis of reagent blanks for each Case or each set of
20 samples (whichever is less) and for each matrix within a Case, to assure
that laboratory contaminants are not reflected in data results.

It is the responsibility of the contractor laboratory to document, in each
data package submitted, that both initial and ongoing instrument and
analytical QC criteria have been met. The laboratory must demonstrate
that instrument tuning and calibration criteria have been met, that
interferences from the analytical system are under control, and that
surrogate spike, matrix spike and matrix spike duplicate recoveries falling
outside contract acceptance windows are attributable to sample matrix
interferences and not to laboratory analytical errors. Any samples
analyzed when contract QC criteria have not been met are re-analyzed by
the laboratory when sufficient sample volume is available.



B. horgank Routine Analytical Services (RAS)

1. Sample Matrices, Concentration Levels, Volumes Required and Preserva-
tion Techniques

The inorganic RAS contract methods apply to analysis of water and
soil/sediment samples. Samples for analysis should be single-phase, homo-
geneous samples of a similar matrix. Sample matrices other than water,
sediment or soil are processed through the SAS program.

Inorganic RAS contract methods determine concentrations of inorganic
priority pollutant (PP) constituents ranging from low or background levels
of concentration to medium levels, where a compound may comprise up to
15 percent of the total sample. Low level samples are generally those
collected off-site, around the perimeters of a waste site, or in areas where
hazards are thought to be significantly reduced by normal environmental
processes. Low level samples are estimated to contain less than 10 ppm of
the inorganic PP contaminants. Medium level samples are most often
those collected on-site, in areas of moderate dilution by normal environ-
mental processes. Medium level samples are estimated to contain concen-
trations of inorganic PP contaminants up to 15 percent. Low and medium
level designations are made for sample collection volume and shipment
purposes, and for determination of appropriate analytical methods and
QA/QC requirements. Samples estimated to contain concentrations of
inorganic contaminants higher than 15 percent of the sample must be sent
to a Hazardous Substances Laboratory for sample preparation prior to
analysis. High hazard sample preparation is discussed in section D of this
chapter.

The sample volume and container types required for inorganic analysis vary
according to the matrix and estimated concentration level of the sample.
For RAS inorganic analysis of a water sample estimated as low level, one
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liter volume is required for metals analysis and one liter volume for
cyanide analysis. The sample should be collected in two 1-liter polyethy-
lene bottles. For RAS inorganic analysis of a water sample estimated as
medium level, sixteen ounce volume is required for metals and sixteen
ounce volume for cyanide. The sample should be collected in two 16-
ounce glass jars. For RAS inorganic analysis of a soil sample estimated as
low or medium level, six ounce sample volume is required for both metals
and cyanide analyses. The sample should be collected in one 8-ounce glass
jar.

For the inorganics RAS program only, it is recommended that a Case of
samples be collected over no more than a three-day period and samples
shipped collectively when the Case is completed.

When collecting low level water samples, a sample aliquot for cyanide
analysis must be collected separately, and different preservation
techniques applied to the metals and cyanide portions, as follows. For the
metals analysis aliquot, the sample should be filtered, then acidified to pH
<2 with HNO,. (If filtration is not possible, the sample should not be
acidified.) For the cyanide aliquot, the preservation techniques specified
in Methods for Chemical Analysis of Water and Waste should be applied.
(Consult Appendix E for complete reference.) No preservation is required
for medium level water samples or low or medium level soil samples.

Each medium level sample (water and soil) must be enclosed and sealed in a
metal paint can for shipment. If it is not certain whether a sample should
be categorized as low or medium concentration, volume should be collected
and the sample preserved as specified for low level samples, however
shipping procedures must be followed as designated for medium level
samples. For water samples, one field blank should be supplied for each
Case. No blanks are currently required for soil samples. No additional
volume is required for duplicate analyses of either water or soil samples.
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If sufficient sample volume is not provided, analysis of all required
parameters and/or complete QA/QC determination may not be possible. If
this occurs, SMO will contact the RSCC to determine appropriate adjust-
ments in analysis.

Required sample volume and container types for inorganic RAS analysis of
water and soil samples are illustrated in Appendix C. Pre-cleaned sample
bottles are available through the Sample Bottle Repository, as detailed in
Chapter IV.

2. Constituents Identified and Quantified

The inorganic RAS program provides identification and quantification of
metals and cyanide in water and soil/sediment samples. These compounds
are listed on the inorganic data reporting form included in Appendix B.

3. Contract Deliverable Requirements

The inorganic RAS program specifies contractually-required deliverables
for completion of metals and cyanide analysis and submission of the final
data package within 30 days of sample receipt at the laboratory. Labora-
tories are subject to financial penalties for late delivery and incentives for
early delivery of the final data package. Illegible data reports are
considered unacceptable and the laboratory is required to resubmit
readable versions of any illegible pages.

The inorganic RAS data package supports independent sample data review
by the client user. Through review of data package components, the client
can determine the quality of the analytical data.

Each inorganic RAS data package includes the following components:

o Cover sheet, listing the samples included in the report and narrative
comments describing problems encountered in analysis.

o Tabulated results of inorganic compounds identified and quantified,
reported in ug/J or mg^cg.
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o Analytical results for QC spikes, duplicates, standards, preparation
blanks calibration verification and interference checks.

o Tabulation of instrument detection limits determined in pure water
solutions.

o Raw data system printouts, identifying calibration standards, calibra-
tion blanks, preparation blanks, samples and any atypical dilution,
duplicates, spikes, interference checks and any instrument adjustments
or apparent anomalies on the measurement record.

A summary of RAS inorganic contract deiiverables and copies of data
reporting forms are contained in Appendix B.

Analytical Protocols

The standardized inorganic analytical methods are based on Federal
Register (FR) methods, EPA Methods for Chemical Analysis of Water and
Wastes (MCAWW), and Test Methods for Evaluating Solid Waste (SW-8^6),
for the analysis of water and soil samples. Analysis for specified metals
and cyanide is performed by flame, furnace and cold vapor atomic
absorption (AA), colorimetric, distillation, and inductively coupled argon
plasma (ICP) methods.

a* Water Method

Water samples for metals analysis are prepared, acid digested and the
digestate filtered to remove insoluble materials prior to analysis.
Samples are analyzed by AA or ICP methods, and dilutions are
performed where any analyte concentration exceeds the calibrated
range.

For water samples, a quantitative determination for cyanide is made
by midi-distillation and automated colorimetric analysis by MCAWW
Method 335.2.
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b. Soil/Sediment Method

Soil samples for metals analysis are prepared and acid digested and
the digestate filtered to remove insoluble materials prior to analysis.
Samples are analyzed by AA or ICP methods, and dilutions are
performed where any analyte concentration exceeds the calibrated
range.

For soil samples, a quantitative determination for cyanide is made by
midi-distillation and automated colorimetric analysis by MCAWW
Method 335.2.

c. Detection Limits

The detection limits listed on the inorganic data sheets (see Appendix
B) are based on analysis of analytes in pure water. Detection limits
for the sample analyses will be higher, depending on the sample
matrix.

Detection limits for low level water samples can be achieved in the
part-per-billion (ppb) to low part-per-miliion (ppm) range; detection
limits for medium water and soil samples can be achieved in the low-
ppm to mid-ppm range. . Detection limits are significantly affected
by matrix interferences and other sample parameters that vary
considerably depending on the nature and homogeneity of the sample,
interferent contaminants that coextract from the sample, and
analytical method. Lowest detection limits are achieved on low level
water samples in the ppb range, where sample matrix interferences
are minimaL
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Exhibit C of the Statement of Work of inorganics IFB contracts
contains minimum contract-required instrument detection levels
(IDLs) that must be met by all laboratories for each of the metals and
cyanide in pure water.

Extrapolations from the "pure water" IDLs must be made to estimate
the detection limits for low and medium water and soil samples, since
the detection levels achievable for these samples will be highly
dependent on the inorganic species and matrix of each sample.
Although data is reported down to the "pure water" IDL, results
below the contract-required detection levels should be used with
caution.

5. Contract Quality Control Requirements

The CLP quality control (QC) program for inorganic RAS laboratory
analysis is structured to provide consistent results of known and
documented quality. The program therefore places stringent quality
control requirements, on all laboratories performing sample analysis.
Sample data packages contain documentation of a series of QC operations
that alloV an experienced chemist to determine the quality of the data and
its applicability to each investigation. In addition, laboratory contracts
contain provisions for sample re-analysis if and when specified QC criteria
are not met by the contract laboratory. Each CLP laboratory is also
encouraged to develop additional internal QA/QC procedures.

The minimum QC requirements of the inorganic RAS program consist of
both an initial and ongoing demonstration of laboratory capability tc
generate acceptable precision and accuracy with the contract methods ir.
the analysis of water and soil samples. CLP contracts define extensive QA
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procedures that must be performed and documented, and criteria that must
be met. These include, but are not limited to, the following:

o Initial calibration and calibration verification.
o Continuing calibration verification.
o ICP interference check sample analysis.
o Preparation blank analysis.
o Matrix spike analysis.
o Duplicate sample analysis.
o Laboratory control sample analysis.

The instrument QC operations include initial and continuing calibration
checks, which are performed daily and/or every ten samples. These checks
determine that the analytical system is meeting contract-required
criteria.

Analytical QC operations include: ICP interference check sample, prepara-
tion blank, spiked sample, and duplicate sample analyses. ICP interference
check sample analyses are performed at least twice per eight-hour shift, to
verify interelement and background correction factors. Preparation blank
analyses are performed for each batch of samples or for each set of 20
samples, to ascertain whether sample concentrations reflect contamina-
tion. Spiked sample analyses and duplicate sample analyses are performed
for each matrix within a Case of samples or for each set of 20 samples of a
similar matrix within a Case, to provide information concerning sample
homogeneity, analytical precision and accuracy, the effect of the sample
matrix on the analytical methodology, and to enable the Agency to
evaluate the long-term precision of the method. The laboratory control
sample is a standard carried through sample preparation and analysis
procedures to document the performance of the entire sample process.
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It is the responsibility of the contractor laboratory to document, in each
data package submitted, that both initial and ongoing instrument and
analytical QC criteria have been met. The laboratory must demonstrate
that instrument calibration criteria have been met, that interferences from
the analytical system are under control, and that spike recoveries falling
outside contract acceptance windows are attributable to sample matrix
interferences and not to laboratory analytical errors. Any samples
analyzed when contract QC criteria have not been met are re-analyzed by
the laboratory.
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APPENDIX C - CONTRACT REQUIRED DETECTION LIMITS



IXEIIIT C

laxardous Substance List (RSL) and
Contract Required Detection Limits (OLDL)**

Detection Limits*

1.
2.
3.
4.
5.

6.
7.
8.
5.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

Volatile!

Chloroae thane
Bronoae thane
Vinyl Chloride
Chloroethane
Methylene Chloride

Acetone
Carbon Bisulfide
1 , 1-Dlchloroethene
1 ,1-Dichloroe thane
trans-1 ,2-Dichloroethene

Chlorofora
1,2-Di Chloroethane
2 -But an one
1,1, 1-Trichloroe thane
Carbon Tetrachlorlde

Vinyl Acetate
Broaodichlorottcthane
.1 , 1 , 2 , 2-Te trachloroe thane
1 ,2-Dichloropropane
trans-1 ,3-Dichloropropene

Trichloroethene
Di broBochloroae thane
1,1,2-Trichloroe thane
Benzene
cis-1 ,3-Dichloropvopene

CAS Vuaber

74-87-3
74-83-9
75-01-4
75-00-3
75-09-2

67-64-1
75-15-0
75-35-4
75-35-3
156-60-5

67-66-3,
107-06-2
78-93-3
71-55-6
56-23-r5

108-05-4
75-27-4
79-34-5
78-87-5

10061-02-6

79-01-6
124-48-1
79-00-5
71-43-2

10061-01-5

Low Hater*
OE/L

10
10
10
10
5

10
5
5
5
5

5
5
10
5
5

10
5
5
5
5

5
5
5
5
5

Lev Soil/Sediment0
vt/Kfi

10
10
10
10
5

10
5
5
5
5

5 '
5
10
5
5

10
5
5
5
5

5
5
5
5
5

(continued)



DeteetiOB Limits*

folatilcs

26. 2-Chloroe'tbyl Vinyl Ether
27. Brovoform
28. 2-Bexanone
29. 4-Methyl-2-peBtanone
30. letrachloroethene

91. Toluene
32. ChlorobenxcBe
33. Ethyl Benzene
3*. Styrene
35. Total Zyleaes

CAS Kumbcr

110-75-8
75-23-2

391-7i-6
108-10-1
127*18-4

108-88-3
108-90-7
100-41-4
100-42-5

Lov Hater*
vi/L
»

*10
3

10
10
3

3
5
3
3
5

Lov SoSl/Sedimcr.tD

vt/Ki

10
5

10
10
3

•Medluc Water Contract Required Detection Licit t (CRDL) for Volatile BSL
Compounds art 100 times the individual Lov Vater CRDL.

Soil/Sediment Contract Required Detection Li Kits (CRDL) for Volatile
BSL Compounds are 100 times the individual Lov Soil/Sediment CRDL.



Ptttction

Semi-Volatilei

36. Fhenol
37. ti»(2-Chlorocthjl) ether
38. 2-Chlorephenol

39. 1,3-Dichlorobcnzene
40. It4-Diehlorobeuene
41. Benzyl Alcohol
42. 1,2-Diehlorobeuene
43. 2-Methyl phenol

44. bia(2-Chloroisopropyl)

CAS Number

108-95-2
111-44-4
15-57-8

341-73-1
106-46-7
100-51-6
t5-50-i
§5-48-7

tther 39638-32-9
43. 4->Jethylphenol
46. N-Kitroao-DlpropylamlDe
47. Bexachloroe thane
48. Nitrobenzene

49. Icophorone
30. 2-Kltrophenol
51. 2,4-Dlttethylphenol
32. Benzole Acid
53. bis(2-Chloroethoxy)

ee thane

54 2,4-$lchloropbenol
33 . 1 ,2 ,4-Trlchlorobenzene
56. Naphthalene
57. 4-Chloroanillne
58. Bexachlorobutadiene

5?. 4-Chloro-3-»ethylphenol
tpara-chloro-aeta-creaol)

60. 2-Methylnaphthalene
61. Bexachlorocyclopentadiene
62. 2,4,6-Trichlorophenol
63. 2 .4 ,5-7richloropbcnol

106-44-5
621-64-7
67-72-1
98-95-3

78-59-1
•8-75-5

105-67-9
65-85-0

111-91-1

120-83-2 ,
120-62-1
91-20- J-

106-47-6
87-68-J3

39-50-7
91-57-6
77-47.4
•8-06-2
95-95-4

Low Hater* Lev S
•l/l

10
10
10

I
10
10
10
10
10

10
10
10
10
10

10
10
10
50

10

10
10
10
10
10

10
10
10
10
50

oiiy»edi»ent«
•I'M

330
330
330

330
330
330
330
330

330
330

• 330
330
330

330
330
330

1600

330

330
330
330 •
330
330

330
330
330
330

1600

(continued



Btttctiea Ualta*
S**i-Velatllta

84. 2-Chloroaaphthaleae
43. l-RitroaaJliB*
44. Dimethyl Pbthalatt
•7. Actaaphtbyltac
41. 3-VltrMBiliat

•9. Act&aphtbtac
70. 2,4-Dlaltropbcaol
71. 4-Hltropbenol
72. Dibcntofuran
73. 2,4-Dlaltrotolucae

74. 2,6-DlBitrotolueat
75. Dlttbylphcbalatt
76. 4-Chloropheayl Phcayl

tther
77. Fluorcae
78. 4-NltroaBiliac

79. 4t6-Dlaltro-2-mtthylpheaol
•0. N-aitroaodiphcaylaalaa
81. 4-Bromophenyl Pbtayl ctbcr
82. Hcxachlorobenzcac
83. Ptatachlorophcaol

84. Pbcaaacbrcac
83. Aatbraeeac
86. Di-a-butylphthalacc
87 . Fluoraathcae

86. Pyraae
89. Butyl Bcazyl Phthalata
90. 3,3'-Dichlorobeazldiat
91. Bcazo(a)aacbracaat
92..bi»(2-«thylh«xyl)phthal*tt

93. Cbryataa
94. Di-a-octyl Pbcbalatc
93. B«azo(b)flBoraatbca<
96. Bcazo(k)flooraatb«Bt
97. B<nzo(a)pyraa«

CAS PuBber

fl-58-7
88-74-4

131-11-3
208-96-8
§9-09-2

•3-32-9
31-28-3

100-02-7
132-44-9
121-14-2

406-20-2
84-46-2

7003-72-3
86-73-7

100-01-4

334-32-1
86-30-6

101-33-3
118-74-1
87-86-3

85-01-8
120-12-/
84-74-2

206-44-0

129-00-0
85-48-7
91-94-1
36-35-3

117-81-7

218-01-9
117-84-0
205-99-2
207-08-9
30-32-8

Lev tfattrc

«i/l

10
30

I 10
10
30

10
30
30
10
10

10
10

'
10
10
30

30
10
10
10
30

10
10
10
10

10
10
20
10
10

10
10
10
10
10

lev 8oii/s*dlatnta

————— »«'*»

330
1600
330
330

1400

330
1400
1400
330
330

330
330

330
330

1600

1600
330 •
330
330

1600

330
330
330
330

330
330
660
330
330

330
330
330
330
330

(ceaclaucd)



tettetloB Limits*
Lov Water1- Lev Koil/SedimcBt6

te.
t9.

100.

UdeooCl ,2 ,3-ed)pyrtB«
Dib«ni(a,h)anthracene

»e&*o(ft,fc,i)perylt&e

CAS VumVer

if3-3«-3
33-70-3

Ul-24-2

•l'»- »

10
10

; W

mi/U

330
330
330 .

*«cdlin Vattr Contract fttquirtd IkttetiPB Limits (CKDL) for Scml-^olatilt
ISL CompouBds art 100 times the individual Lov Vattr CXDL.

•

*.Medlue Soil/StdimtBt Contract Itquirtd Detection Limits (ODD for
Volatlle BSL Compouads are 60 times the individual Lov Soil/Sedimeat CRDL



Detection limits*

testlcides
Uv Mater1 Lev Soil/Sediment*

CAS lumber_ ' mt/L"" mt/Kt

101 .' alpha-BBC
102. beta-BBC

103. 4elta-BDC* .
104. §amma-BHC (Umdane)
103. Bcptachlor
106. aldtln
107. Beptachlor Epoxide

108. Endosulfan 1
109. Dieldrin
110. 4. 4 '-DDE
111. Endrin
112. Endosulfen 11

113. 4,4»-DW>
114. Endosulfan Sulfate
115. 4,4'-DDT
116. Endrin Ketone

117. Methoxychlor
118. Chlordane
119. Toxaphene
120. aROCLOR-1016
121. AROCLOP.-1221

122. AROCLOR-1232
123. AROaOR-1242
124. aROCLOR-1248
123. AKOaOR-1254
126. JJLOCLOR-1260

319-84-6
319-13-7

319-86-8
38-89-9
76-44-8

309-00-2
1024-37-3

959-98-8
W-S7-1
72-33-9
72-20-8

33213-65-9

72-54-8
1031-07-8

30-29-3
33494-70-5

72-43-5
57-74-9

8001-35-2
12674-11-2
11104-28-2 .

11141-16-5*-
33469-21-9
12672-29-6
11097-69-1
11096-82-5

0.05
0.05

0.05
0.05
0.05
0.05

• 0.05

0.05
0.10
0.10
0.10
0.10

0.10
0.10
0.10
0.10

0.3
• 0.5
1.0
0.5
0.5

0.5
0.5
0.5
1.0
1.0

.0

.0

.0

.0

.0

.0
•o.

. 8.0
16.0
16.0
16.0
16.0

16.0
16.0
16.0
16.0

80.0
80.0

160.0
80.0
80.0

80.0
• 80.0

80.0
160.0
160.0

•Mediae Uatcr Contract laquirad Dttcxtioa Limits (CKDL) for Pcsticidt HSi
Compounds are 100 times the individual Low Water CEDL.

*Mediua Soil/Sediment Contract lequired Detection Limits (OLDL) for fesclcide
HSL compounds are 15 times the individual Lov Soil/Sediment OLDL.

•Detection limits listed forxaoil/sedimtnt are based on vet weight. The detec-
tion limits calculated by the laboratory for aoil/sediment. calculated on dry
weight basis, aa required by the contract, will be higher.

** Specific detection limits are highly matrix dependent. The detection
limits listed herein are provided for guidance and may mot always be
achievable.



Tfttlt 1. EltMBts Btitrtiat* 17 laducti*«lj Coupltd
M UiMtott »r Atomic Absorption ip«ctroicopy

Cooeraet Uquirtd
Btuctim

200
Aatlmooy §0
Arsoaic
Urltt*
Iciylllaa
Cftdmlum
Calcium
Chromium
Cobalt
Copper
Iron
load
MafDMlum
MaaftBuo
Itercazy
•iekal
focualnm

. SmltaiiuB
Silvmr
Sodium
Thallium
faaadium
tine

10
200
5
5

3000
10
3d
23
100
5

3000
13
. 0.2
40

3000
3
10

3000
10
30
20
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APPENDIX D - BORING LOGS AND WELL CONSTRUCTIONS



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION _MW7_im8_

ELEVATION, DRILLING CONTRACTOR .

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE _______ START, FINISH , LOGGER.

| 
E

LE
V

A
T

IO
N

D
E

P
TH

B
E

LO
W

S
U

R
FA

C
E

5-

10-

15-

20-

25-

30-

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT, RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY, USCS GROUP
SYMBOL

Till, tan-brown tilt w/coarw and fine
land

» T

-, Coal (Bedford) J

Carbonaceous Shale ~]

~
Brown-gray Clayitone, Broken

•

•

m

Gray shale, imerlaminand w/light-
gray sandstone, tr bituminous
fowls

•

™

S
Y

M
B

O
LI

C
 

1
LO

G

i . .

4 . '

1 4 *

# *

" • •

• ;_

~ w^.^

• • * •

* « • * •

* «t • • •

9» * * *

• * * « *

• • • _ •

* • • •

• * *f •

» *« '

*J"-»*

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

fe. • '

vlr

—

—

f* •

BOH 920'



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION , MW7 MW8

ELEVATION. DRILLING CONTRACTOR,

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE LOGGER

N
O

I1V
A

313 D
EP

TH
BE

LO
W

SU
R

FA
C

E

35-

40-

45-

60-

60-

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
B

E
R E

Ulso
Ul
E

STANDARD
PENETRATION

TEST
RESULTS

6" -6" •€"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY,
PARTICLE SIZE DISTRIBUTION, COLOR,
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

Gray shale, interlaminated w/light-
gray sandstone, tr bituminous
fossils

Coal (lower mercer?) interbedded
claystone and shale

Brown-gray limestone

Dark-gray claystone

'-

Dark-gray shale and claystone w/some
soft seams and carbonaceous inter-
vals _

«

S
Y

M
B

O
LI

C
 

1 
1

LO
G
 

||

* • • • •«

• • > • • •

• * " * •

• • • •

• • • •

• • • •

• • * • > <

• * • • I

• • • •

* * * * *

> • • • « »

*...1

t • * *i

• « • *

> • * • <

» • • • •

i
-v-• ii i

? ~~~

î ^^
^^^^^^
^^^w

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEI
OR
DR
TEJ
INS

BBBBHM

'THC
LLIN
U.IN
rrsA
TRUI

BP5

I:

*

.-

''.-• :

iff

pis
mK*-Hi

)F CASING.
G RATE.
G FLUID LOSS.
NO
MENTATION

L
L
L
L
L
L
L
L
L
L



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION.

ELEVATION, DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT ,

WATER LEVEL AND DATE ._______ START FINISH, LOGGER.

| 
E

LE
V

A
T

IO
N

D
E

P
TH

B
E

LO
W

S
U

R
FA

C
E

65 .

70-

75-

80-

90-

SAMPLE

IN
T

E
R

V
A

L

ITY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR. 2
MOISTURE CONTENT. RELATIVE DEN- Q
SITY OR CONSISTENCY. SOI L STRUC- «
TURE. MINERALOGY. USCS GROUP Jo
SYMBOL w J

Dark-gray shale and claystone w/some [ZZZZ
toft seams and carbonaceous inter- — KS"'

Coal (unknown) w/tr-pyrite ^^^H

Light-gray sandstone, fine !'«* t̂;*.

=• — - ^^

Gray siftstone and si Ity shale, occa- îl£

bands of dark-gray clayey silt- JU-1;'̂
^«_> 'fr-r-fStone - .̂ ._

-4Mal
Carbonaceous shale and coal — J| Wil'-'-'-1'

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS
TESTS AND
INSTRUMENTATION

:;..-.

Ill

-



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT

ELEVATION. DRILLING

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START, FINISH. LOGGER.

D
E

P
TH

B
EL

O
W

S
U

R
FA

C
E

95-

100-

105-

110-

115-

120-

SAMPLE

E
R

V
A

TY
P

E
 A

N
D

N
U

M
B

ER ER
Y

RE
C

STANDARD
PENETRATION

TEST
RESULTS

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE, MINERALOGY. USCS GROUP
SYMBOL

Cirboniceoui (hale and coil

Silty shale .

Gray siltstone and tilty shale, occa-
sional silty sandstone laminate and
bands of dark-gray clayey silt-
stone

Silty andnone

Black - carbonaceous



PROJECT NUMBER BORING NJMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION **" *<W8

ELEVATION, DRILLING CONTRACTOR .

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE _______ START. FINISH. LOGGER.

E
LE

V
A

TI
O

N

D
EP

TH
 

1
BE

LO
W

SU
R

FA
C

E

125-

130-

135-

140-

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE, MINERALOGY, USCS GROUP
SYMBOL

•

Gray siltstone and silty shale , occa-
sional iilty sandstone laminate and
bands of dark-gray clayey silt- _
stone

Graan-gray siltitone. sandy

BOH 140' Elev. 966.84

S
Y

M
B

O
LI

C
LO

G

=•»«
T \ \

!£ki.

••

i

S2

*—

-i—
I i
*llbi
.i—

I 1 1 1

ss
—— i —

P^I a> •
"̂  «^^™

[J T !

52

m
jili

5vE
l i l t

Sv?
SI

HEAD
SPACE

OVA
(HNu)

HlB*Mi«MiB

COMMENTS

D
D
D
T
If

••M

EF
Rl
Rl
ES
&

r*

t

TH 0
LLIN
LLIN
TSA
TRUN

m*m

-

-

f CASING.
G RATE.
G FLUID LOSS.
NO
MENTATION

-

BOH @> 140'



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION MW10

ELEVATION, DRILLING CONTRACTOR,

DRILLING METHOD AND EQUIPMENT ,

WATER LEVEL AND DATE _______ START, FINISH , LOGGER.

01

-JIT
O CD

SAMPLE

Oz <r cui

uiuoc

STANDARD
PENETRATION

TiST
RESULTS

6" -6" -6"
IN)

SOIL DESCRIPTION
NAME, GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MCHSTURE CONTENT. RELATIVE DEN
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY.USCS GROUP
SYMBOL CO -I

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

5-

10-

Fill. tan-brown tilt, torn* sandy,
w/rock frags and fine coal refuse

16-

20-

25-

30
Black carbonaceous shale, weathered



PROJECT NUMBER BORING NUMBER
SHEET Of

SOIL BORING LOG

PROJECT LOCATION

ELEVATION. DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT ,

WATER LEVEL AND DATE _______ START FINISH, LOGGER.

§
s
UJ_l
UJ

UJ

xsStss
UJ UJ D
O CO W

35-

40-

!

<
£
UJ

z

.AMPLE

0
Zff
< UJ

ES
IT
UJ

Ou
LUc

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

??( Inadequate recovery and logging)

•

Coal (louver mercer)

BOH »4Q- Elev. 1057.07

U
13
O
CDso> o« -i

•

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

F 1 '

. — ;!'

.' - 'j

BOH@
40'



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION MW13 MW12 MW11

ELEVATION. DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE ._______ START , FINISH. LOGGER.

ui

ElSa. jcc
ui ui D
O CD in

SAMPLE

ui
Z

IT
UI

u
UIc

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
IN)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR,
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY, USCS GROUP
SYMBOL

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS
TESTS AND
INSTRUMENTATION

5-

10-

15-

20-

25-

30-

Fill, dark-brown tilt, w/rock frcgs,
coarse land, and crushed limestone

Till, medium-brown silt, some
sandy, w/coal and rock frags

Tan sandy silt and clay w/tr
sand



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION M*13 MW12

ELEVATION , DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE ._______ START , FINISH, LOGGER.

8S3

SAMPLE

tc
LU

c
LU

O
O
UJ

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOI L STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING fLUID LOSS.
TESTS AND
INSTRUMENTATION

T»n undy tilt and clay w/tr
••nd

Gray tiltnone. sandy

35.
Limestone

40 J

Dark-gray shale, silty some
limertone

45 J

60 J

Coal (lower mercer?)

55 J

Silty SS J

Light to dark-gray siltstone and
intarbaddad silty sandstone and
shale, some limestone

60 J



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION.

ELEVATION, DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START FINISH. LOGGER.

E
LE

V
A

T
IO

N

D
E

P
TH

B
E

LO
W

S
U

R
FA

C
E

65-

70-

75-

80-

85-

90-

SAMPLE

IN
T

E
R

V
A

L

ITY
P

E
 A

N
D

N
U

M
B

E
R

£E
LU

I
U
Ulc

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY, USCS GROUP
SYMBOL

Silmone

Limestone

Shale -

Light to dark-gray siltstone and
interbedded silty sandstone and
shale, tome limestone

Silmone

SiltySS •

Silmone •

S
Y

M
B

O
LI

C
LO

G

• •
*

»

T
1

• .

'^

JL

• •

•.

•••

«•"

• "

»•

••

• •

•i

•t

w<

M«

»

B«

••

. «

••

^

••

V

^4

•»

m 4

IB

•»

r ~
•i

"l

• *

Î IH

P ^B

» ^HB

»̂ »™

a^H,

Î MH

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS
TESTS AND
INSTRUMENTATION

,

t-

1.
V'

"
1
'i;

if

I
B

I

;

"t ~"

i
«

i

i

-

BOH" ;



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION MW13 MW12

ELEVATION , DRILLING CONTRACTOR .

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE ._______ START, FINISH , LOGGER.

E
LE

V
A

TI
O

N

D
EP

TH
B

E
LO

W
S

U
R

FA
C

E

95-

100-

105-

110-

115-

•

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
IN)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE, MINERALOGY. USCS GROUP
SYMBOL

Siltttone

Inter bedded
SS & Shale •

Light-gray sandstone, fine, some
silty sandstone grading to sandy
siltttone

Siltstone

Shale

SiltySS -

BOH 9117' E lev. 979.43

1S
Y

M
B

O
LI

C
LO

G

•••*••••

••^ • ̂ H

•———— • • ^^

'.'••".

•.•..'

•.•.''..

•:.•.••/
•.•;;•;«.
• \ ••.••.

— ._

• . • •

'• :
• . "( •
4

, • •

'. ' '
f

• <

«

• »

•
1 •

•

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

I
1

>'•'*
t>' 't>-

f

»

[• i
~ !

|,
'{

3

- i
- ' I

l

b

OH
17'

1^ ™

4

1 ^

i

9



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION

ELEVATION. DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE ________ START, FINISH, LOGGER.

Q. -I Cujui 3Oat in

SAMPLE

c
UJ

o
Z X
< Ul
111 CO

<t
UJ

8
UJc

STANDARD
PENETRATION

TEST
RESULTS

6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY,SOIL STRUC-
TURE, MINERALOGY. USCS GROUP
SYMBOL

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

5-

10-

Fill, tan lilt, torn* tandy, w/rock
frags and »nd

15-

20-

25-

Coal (unknown)

Dark-gray silmorw

30.

1



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION MW14

ELEVATION , DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START, FINISH, LOGGER.

| 
E

LE
V

A
TI

O
N

D
EP

TH
B

E
LO

W
S

U
R

FA
C

E

•

35-

•

40-

45-

50-

55-

60-

SAMPLE

IN
T

E
R

V
A

L

ITY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION

NAME. GRADATION OR'PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

Dark-gray <ilttton«

Medium-gray silty tandstone

Siltstone •

Dark-gray to gray silmone w/inter
bedded tilty shale and limattone _

Limestone -

Shale -

Sirmone

SY
MB

OL
IC

 
1

[L
OG

 
|

»^» • ̂ ™

•MI e^H

L'-f.m
^Hi • «BBI

<^B»^W <

IMB*̂  •

^B • ̂ » •

^^ • ̂ ^m

•» • «^^

^^ *^^«

^^ • ̂ ^w

^^ • w •

^^> ^»»

^ a^w*

••H • fl̂ ^

îM * «IM

^^ • ^M. 1

M • ̂ ^BB

^™> • V^^B

^T~i ii1 , 1

ZZ I

HEAD
SPACE

OVA
(HNu)

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

;̂

'*'

f

:.v;,

:< V

'<', '•'

1



PRnjFfT

ELEVATION

DRILLING METHOD AND EOUIPM

WATER LEVEL AND DATE

| 
E

LE
V

A
TI

O
N

D
EP

TH
B

E
LO

W
S

U
R

FA
C

E

-

65-

SAMPLE

IN
T

E
R

V
A

L

ITY
P

E
 A

N
D

N
U

M
B

E
R

c
u>

1
Ul
CE

= NT

PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

IfVATinM MW1«

. . _ DRII MNin rniMTRAfrnR . .,,..,

STAPT CIMICU LOGGER

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION HEAD
NAME. GRADATION OR PLASTICITY. &l*ACb
PARTICLE SIZE DISTRIBUTION. COLOR. 2 _...
MOISTURE CONTENT. RELATIVE DEN- Q i
SITY OR CONSISTENCY. SOIL STRUC- « (HNo'
TURE. MINERALOGY. USCS GROUP > g
SYMBOL « J

Siltnon* P^tJZ]

Coal (lower mercer?) and "̂ HBH
carbonaceoui ihale JBaiH

_r:£

COMMENTS
DEPTH OF CASING
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

•

L
L
L
L
L
L
L
i
L

L
L
L
L
L
L
L
L
L
L
L



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION,

ELEVATION. DRILLING CONTRACTOR ,

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START FINISH , LOGGER.

_ r

| 
E

LE
V

A
TI

O
N

D
E

P
TH

B
E

LO
W

S
U

R
FA

C
E

.

95-

-

"

-

100-

105-

•

110-

"
m

115-

•

.

.

120-

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY, USCS GROUP
SYMBOL

..

Green-gray tiltttone •v/inter-
bedded tilty clayrtone and thale,
come carbonaceous thele and
tenditone

S
Y

M
B

O
LI

C
LO

G

3
e^BaSSS

H-.T"

ii
_ ft ̂ M

*—— a———

II
~F"~

^^^^5

———————————————————————————— 1MB

-
Medium to dark-gray tilty tandstone
•v/interbedded black thale

"
*

m

Medium to dark-gray tiltxtone.
tome tilty tandrtone. little
fine sand

_

~

• |

1

4 '

••,

• ,
'*
1

, 4

•

4

•

*

*

•

1

'0

.

:

i

,1

*

*

•
*
.

~^"T
— ^~
— —
— —

HEAD
SPACE

OVA
IHNu)

COMMENTS

DEPTH OF CASING
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

t V

•>

1
1 '•>
ii -. '.'.

ii- . *'

|I

|..

K: '.

|g

•'amP*'Bjliii
'•ftp

H'•BHH

:«P

.

^

•

"

.

•

—

^

'i

;

.
;•

_'•

•

-

"
*

•
_

-

-



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG
L
L
L
I
I
L
I
I
I
1
1
1

PROJECT LOCATION.

ELEVATION , DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE _______ START FINISH , LOGGER.

E
LE

V
A

TI
O

N

D
EP

TH
B

E
LO

W
S

U
R

FA
C

E

-

—

125-

130-

"

•

*

SAMPLE

IN
TE

R
V

A
L

ITY
P

E
 A

N
D

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT, RELATIVE DEN-
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

Medium to dark-gray siltstone.
tome silty sandstone, little
fine sand

-

Light-gray sandstone, fine, tome
tilty sandstone grading to tandy
siltstone

BOH 9132' Elev. 967.34

-

S
Y

M
B

O
LI

C

^B «

"~*

oo

£
^™

' • <

' •

* "

* •

•/•

1
:'!••::.

1
'.i. • V*

HEAD
SPACE

OVA
(HNu)

•

COMMENTS
DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

£
i ""—

™-

; -»

.' —

— .

! '

„

-

'•.

BOHf
132'

1

1
I
i
1
1



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION **W16 MW15

ELEVATION . DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START, FINISH, LOGGER.

|
 E

LE
V

A
TI

O
N

jH
oE

P
TH

1
 B

E
LO

W
1

 S
U

R
FA

C
E

-

•

5-

•

—

10-

-

15-

-

-

•

_

20-

•

•

25-

.

^

30-

SAMPLE

1
 I

N
T
E

R
V

A
L

TY
PE

 A
N

D
N

U
M

B
E

R
 

j I

R
E

C
O

V
E

R
Y

STANDARD
PENETRATION

TEST
RESULTS

6" -€" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR,
MOISTURE CONTENT, RELATIVE DEN
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY, USCS GROUP
SYMBOL

•

J

-

Fill, brown and tan lilt, come
Mndy w/rock and coal frags

S
Y

M
B

O
LI

C
LO

G

I
\

ft

K

rt

J.
N
'A

fV
:

•nd land JT'w
*

-

•
•

Till, light to medium-brown
lilt and fine land

—

F
1

1
1

M

1
1

uf

IMI/.
f

ft
8f
*

)
K
*s

rMr
f\-r)

r
'•
•

.

'A7
•
•
•

\
•
'.
•

k$
r

I
.

?
\

^

•"
;"

HEAD
SPACE

OVA
(HNu)

Coal (bedford) *̂ ^B

•

Gray lilmone, weathered and ~
broken

•

— —

-T1 H

,_. _

-— —

COMMENTS
DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS
TESTS AND
INSTRUMENTATION

j

-V

\

t
;. •'•'''•

'f.'.'

•••'•'.-
*':'.--•

•

i..'-

1

$£$
•̂:^

I

••

*

•_
..

r'-| .
I "' •
[•• :-:,

•

'"„••
1

1: I

1
\

fc I
_ ;i *
~ 'J

^ • '

~" •*!

5 ;.] •
J

BOH«t
T9'

•

•

J

.

"



PROJECT NUMBER BORING NUMBER
SHEET

SOIL BORING LOG

PROJECT LOCATION MW1S

ELEVATION . DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT .

WATER LEVEL AND DATE ._______ START FINISH, LOGGER.

7
O
P

UJ

UJ D
EP

TH
BE

LO
W

S
U

R
FA

C
E

•

•

35-

.

40-

SAMPLE

IN
T

E
R

V
A

L

TY
P

E
 A

N
D

N
U

M
BE

R

R
E

C
O

V
E

R
N

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME, GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DEN
SITY OR CONSISTENCY. SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

•

Gray siltttone, weathered and
broken

••

Coal (lower mercer)

BOH e 40.9 Elev. 1056.22

•

S
Y

M
B

O
LI

C
LO

G

"~Z~

_ _

_ — •

HEAD
SPACE

OVA
(HNu)

•

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

• -

, X'. , *

: . ', . •

-. <•• , ;i

:• —

40.9'



PROJECT NUMBER BORING NUMBER
SHEET OF

SOIL BORING LOG

PROJECT LOCATION

ELEVATION . DRILLING CONTRACTOR.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE _______ START, FINISH , LOGGER.

o
5>
Ul_i
Ul

Ul

x *3
tS fc
ui ui D
O m in

-

5 -

-

•

10-

-

J

<
cc
Lil

2

•AMPLE

O
Z CC
< Ul
UlS
G. 5

\-z

>c
Ul6-o
Ulc

STANDARD
PENETRATION

TEST
RESULTS

6" -6" -6"
(N)

SOIL DESCRIPTION
NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR,
MOISTURE CONTENT, RELATIVE DEN
SITY OR CONSISTENCY, SOIL STRUC-
TURE. MINERALOGY. USCS GROUP
SYMBOL

Fill, brown tilt w/decomposed rock
and coal, tr wood

Tan and gray clay, mottled

-

BOH C> 10.4' Elev. 1073.85

O

Om
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r> H; H i 5̂s ^ î IM 4b CD Z > •n \ •̂ î^ t t I « / • \ *S! 8: ^ m ?; ^ ^ o OD
 

C

Z 0 ^ c> •) :̂? - s. 8 21 Z O z D 8ft
. f D < ^ ^



/ 
T

•y
j

^ O m IL O TI

* Q

X J ^ K *

V ,1

3 I- 1 1 II

3 f; ^ tb fc. £ k $ 1

' 
1 1 1 r\

5^ ** j'j *5 V I1 | t U o û |i i .

^ %
j

r
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fl-Jt- Miccl
Star ted Jur>t ?4.

Dale Tinlfchcd Jun< ?6,

SUKSIIT.FACE LOG

Project Kami
Location

NUS - flecrfltld
Derrficld, Ohio

Project Komber
Datum ______

396-01

Geologist/Engineer *.
Drill ATV Pcnn Drill

T. Drilling Contractor
Driller ____R.

Drill inf. Method Spppn, AuRer, Core
Boring Depth ______32.5 fert

Core Size Surface Elevation
Well Screen Interval

Johnson 0.010 slot PVC screen

CASING INFORMATION

Size

4" PVC

Depth

26,0 feet

CROUNDWATER LEVEL DATA

Date

July 3, 3980

July 7. 1980
Julv 17. 19 RO

Depth

14'11"

9«0"
P'O"

Date Depth
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SOIL OR ROCK
CLASSIFICATION

Fill, olive gray C5 Y 4/1) clay and rock f recent
soce gravel, dry •

Black (Nl) cosl and carbonaceous shale fragments
(coal refuse) vith dark yellowish orange (10 TP. 6
sandstone rock fragments.

Dark g.ay (N4) CLAY and SILT, little, sand (tcpsoi

Mod.-'rate brown (5 YR 4/4) silt and clav, dansr

Medium f.ray (N4) and moderate yellowish browc
(10 YR 5/4) mottled clay and silt, few gravel,
thin send Icnse (2 cm), dry, slightly calc&rcrus.
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SOIL OR ROCK
CLASSIFICATION

Sane as above.

Dark yellowish brown (10 YR 4/2) silt, some fine
little clay trace gravel, calcareous, dry.

Dark gray (N3) SILT and GRAVEL, some sand, trace
dry, carbonaceous shale fragments.

Dusky yellowish brown (10 YR 4/2) SILT, some cla}
gravel, little sand, damp

Brownish black (5 YR 2/1) SILT, little clay and
Rravel, weathered
Dark gray (K3) weathered SHALE, carbonaceous,
iron-stained, moist
Augured
Medium dark gray (N4) clay shale, iron stained.

. •

Medium darV. crav (K4) clav shale. nicsceouR.

Proceed with core boring sheet.
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-" e Ku-^.t-r blowr, to drive 2.0 spoon
vith up Ib. pin weight falling
per blow.

Classification
30

nr^ual-visual
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-?Kis!.er blows to drive
vith

blow.

____ -J* casing
lb. weight falling per

LITHC?. o/ IKVESTIGATIOJ*
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VISUAL CLASSIFICATION OF HOCK

June

Project Ko.
Locution _______
Geologist/Engineer
Drill _____

Coordinotes _____
Drilling Contractor
Driller

Drilling Method _
Plunge from Horiz.

Core Size Elevation
Bearing Azimuth

Cacinf Information
Size Depth

Grounrtwattr Level Data
Actual Time Depth Actual Tiu'C Depth
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Description *

Dark gray <N3) siltBtone, slightly micaceous,
plant fossils.

•

Grayish black coal, pyritic with carbonaceous
shale. (Bedford Coal)

Light olive gray (5 Y 6/1) underclsy, very hard,
fractured, rooted

End of Boring
L



Sheet _____
Date Stnrted
Dote Finished

>_"^ I
rted Julv J~

SUBSURFACE LOG

Project Kame _____NUS - Deerfield
Location Pecrficld. Ohio_____

Project Number
Datum

Geologist/Engineer R. T. P c t r u s D r i l l i n g Contractor
Drill ATV Penn Drill ____ Driller R. Valeca

Lake Drillinr Corp;

Drilling Method Spoon. Auger. Core
Boring Depth ________4fi feet

Core Size Surface Elevation 109)
Well Screen Interval 33.5-38.0 feet

Johnson slot 0.010 PVC screen I

m
i*
PS
rm

CASING INFORMATION

Size

4" PVC
•

*"

Depth

33.5 feet

GROUNDWATER LEVEL DATA

Date

July 7, 3980
July 10, 1980
July 17, 1980

Depth

1?'3"
11 '10"
]2'0"

Date Depth
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SOIL OR ROCK
CLASSIFICATION

Augered tc 2.0 feet, FILL from septic tank
manufacturer.

FILL, dark "gray (K3) SILT, some sand and gravel

Augered to 5.0 feet.

Mottled dark gray (K3) to ir.oderare yellowish br
(10 YR 5/4) CLAYf some «i l t and rork fragments
turbed) .

Augered to 8.5 feet. .

>5ottlcd darl; gray (K3) to moderate yellowish l>rc
CLAY, some silt and rock fragmc-nts moist (t!Istu:

1
1
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SOIL OR ROCK
CLASSIFICATION

Dark gray (N3) to dark yellowish brown (]0 YR /
CLAY and ROCK fragments, some silt moist (disti

Dark gray (N3) to dark yellowish brown (10 TR £
CLAY, some silt and rock fragments (disturbed).

Medium dark gray (N4) SILT and CLAY, some grave
trace sand wet at 15 feet.

Dark gray (N3) ROCK fragments, some clay and sJ
(disturbed) rock fragments have Fe-oxide coat it

Hot tied CLAY some silt and shale rode fragment*
(angular) , damp (disturbed) .

Dark grav (N3) ROCK fragments, some clay and sd
moist (disturbed) rock fragments are siltstone.

Olive gray (5 Y 3/2) CLAY and ROCK fragments, £
silt (disturbed).

_—— — — ~~~~ — """"̂  —— ~~ — -—

T ^ N c Kur.bei blows to drive 2 spoon
vith 140 lb. pan weight falling __30
per blow.

Classification ranual visual 1

__ l^ C « ICurber blows to drive "
vith
blow."

Ib. weight falling
rasing
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-" "*"• >ZTKOD OF INVESTIGATION
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SOIL OR ROCK •

CLASSIFICATION i

Weathered dark gray rock fragments (siltstone)
disturbed. . ,

Dark yellowish brown (10 YR 4/2), CLAY, some *i I
little gray mudstone rock fragments, moist (dis **

L
Medium dark gray (K4) to brownish gray (5 YR 4/'
siltstone rock fragments, some clay, little silt 1
(disturbed) . J^

* .

•Medium gray (K5) CLAY, some silt and rock fragmc 1
damp, (disturbed) coal fragments.. . . **

Cray siltstone rock fragments little clay and si
(disturbed).

Bedrock at 35 feet, augered to 39.0 feet, predor
light gray siltstone. ' 1

1

1

i
Go to core sheet*

? X « Kuriber blows to drive 2 " spoon
*- vith MO lb. pin weight falling

per blow.
_>
_^C « Kusber blows to drive _____

with ______ lb. weight falling
bio-.-.
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Shri-l e»l

VISUAL CLASSIFICATION OF KOCK

Project Name KUS - Deer field Site
Location ___Peer field, Ohio_____

Troject Ko.

Geologist/Engineer
Dri l ) ________
Drillinr, Method __
Plunge from Horiz.

Coordinates ____
Drilling Contractor
Driller

-396-03

Core Size Elevation
Bearing Azimuth

n Casing Information
Size Depth

Groundwater Level Data
Actual Time Depth Actual Time Depth
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Description

light gray claystone, no recovery.

Light gray (K7) fine grained sandstone and siltstone
carbonaceous plant fossils, ooliticrlike grains.

Light gray (K7) clsystone.

Dark gray (N7) eiltstone, pyritic in places.

»
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Shrcl 3 o! __
Date Started JUM 3f
Pate Finished jt,iy i

SUBSURFACE LOG

Project Karoe
Location __

NUS - Deerficld Site
Deerfifld. Ohio

Project Kumber 396-01
Datum _____________

Geologist/Engineer __
Drill ATI! Penn Drill

R. T. Petrus Drilling Contractor LaVe Trilling
Driller R. Valep.n____________

Drilling Method Spoon, auger, core
Boring Depth 30-0*

Core Sice NX Surface Elevation
Well Screen Interval 19.0-7&.0

Johnson 0.010 slot PVC screen

CASING INFORMATION

Size

4" PVC

Depth

19.0 feet

GROUNTMATER LEVEL DATA

Date

.Inlv 7. IQRf)
July 10, 1980

July 17, 1980

Depth

fi'n"
6 '11"

6*1]"

Date Depth
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SOIL OR ROCK

CLASSIFICATION

Augered to 2.0 feet, black (N4) carbonaceous sha
(spoil).

Black (K4) carbonaceous shale, silty clay and co
moist, spoil.

Augered to 5.0 feet, spoil as abovt, vater at 4.
feet.

Coal, sandstone end shale fragments, wet (spoil)

Augered to 8.0 feet, 'same as above.

Medium light gray (K6) to moderate brown (5 YR 4
mottled CLAY, little silt and gravel, damp calca
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SOIL OR ROCK
CLASSIFICATION'

Medium light gray (N6) iron stained clay shale.

Angered to 15 feet, interbedded claystone end muds

Dark gray (N3) shale.
Auger ed to 20.0 feet, same as above. •

Dark gray (K3) clayey shale.

Augered to 25.0 feet coal brought up in augers at 2
feet.

Go to core sheets.

Kirtbcr blows to drive 2 spoon
vith 1AO lb. pan vcijjht falling 30

Classification r--3r.ur.l-vistial 1L"CS

. per. blow.

'. C - Kucbtr blows to drive _____
vith ______ lb. veight falling
blow.

• *' casing
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Sht-ft
Date

VISUAL CLASSIFICATION OX ROCK

Project Name KUS-Dcerfield Project Mo. 396-01
Location Prerfjcld. Ohio
Geologist/Engineer
Drill _________
Drilling Method __
Plunge from Horiz.

Coordinates ____
Drilling Contractor
Driller

Core Size Elevation
Bearing Azimuth

Casing Information
Size

.•?
\ X

Depth
Croundwater Level Data

Actual Time Depth Actual Tinie Depth
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Description

Upper 3. t) leet Is prdbaTily clay st one tnot recovered)
light gray (N7) very fine grained sandstone, car-
bonaceous plant fossils, high clay content in places
micaceous.

End of Boring
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VISUAL CLASSIFICATION OF

Project Natno KUS-Dccrficld Site
Locat ion Deerlicld, Ohio

Project No. 396-OJ
Datum arhitroTv

Ceolocist/ttif.inccr K.T. Pctrus
Prill TrucV. Mounted Pcnn Drill

Coordinates __________ ____
Drilling Contractor L»Ve DriHinp. Co.
Driller H. Vnlero_____________

Drill ing Hfthod Auger. Cone. Roller Core Size
*v Plunge from Horiz. N/A tit NX

Bearing Azimuth
Elevation

K/A
10R7.7

Casinj; Informal ion
Size

A" PVC
Depth

102 feet

.

Groundwater Level Data
Actual Time
Julv 9

July 17

Depth
2} '6"

20'11"

Actual Time Depth

* Bottom 10 feet is 4" PVC Johnson 0.020 slot screen.
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Description

Boring vas advanced bjr augers to 38 feet. Profile
nay "be inferred from adjacent hole (B4).
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Brownish black (5 YR 2/1) . Tossilif erous limestone
with thin laminations of argillaceous material , car-
bonaceous vith pyritic replacement of some fossils.
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Description

•

•

Medium dark gray (N4) siltstone and shales. Carbon-
aceous plant fragments, non-calcareous with 1 inch
coal bed at base.

'•"fiediuin dark gray siltstone (NA) in tea-bedded with
brownish gray (5 YR A /I) irregularly laminated clay-
stone.

Light gray (N7) claystcr.e with irregular bedding.

Medium dark gray (K4) siltstone with varying clay
content. Kiddle of unit is shaly. Slightly micaceous.
Carbonaceous rich fragnents are present.

•

i

Dark gray (N3) to black (Nl) carbonaceous shale and
coal pyritic.
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Description

Light gray (N7) underclay rooted and irregular
structure.

Medium gray (N5) silt stone.

Medium gray (K5) claystone, contorted.

Dark gray (N3) siltstone increasing clay content toward
base.

Brownish black (5 YR 2/1) fossiliferous limestone
with interbedded argillaceous material.

Light olive gray <5 ¥ */l) sandstone fine grained.
Contains cavities with pyrite coatings. Approximately
10 percent of rock has 1.0 mr. non-calcareous oolite-
like grains.

Dark gray (K5) shale vith variable acounts of sand,
pyritic, carbonaceous.

Tedium dark gray (K6) si It stone. Variable amounts of
carbonaceous material slightly micaceous and shaly in
places.
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Description

Grayish black <K2) chal«, ooal beds in places grada-
tional lower -contact.

Light olive gray (5 Y 6/1) sandstone fine grained
mostly quartz, slightly micaceous increasing clay
content towards base.

"

'""Medium gray (K5) clay shale.

Medium gray (N5) sandstone fine grained, iron stained,
micaceous .

tedium dark gray (K4) siltstone with lenses of clay
and sand.

1

i

1

V

?



P3 ^ No.
Sheet 7
Date

J.-.S
ol

Jum- 30, ]9fcO

V

\

c

S5

i'b

(7

£ *"*

O %i^

Do

98

R
ec

ov
er

y

o
iH

NO
t-H
t-H

rH
rH

1 7
. 

R
ec

ov
er

y

oo

.

OH

0\

O

0•a-

CM•a

in
M>

Pr
of

il
e

i=i=f=?=

i=r=;==r̂

• •'•>V-'.v!.%'" •'•'•'.'•:••••

'----• —— ̂— —— |
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Description
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4

.
Medium dark gray (N4) siltstone increasing in grain
size towards base. Slightly micaceous, iron stained.

-

.

.

-

tedium dark gray (NA) sandy shale, carbonaceous,
micaceous.

Medium light gray (N6) argillaceous sandstone vith
)lanar to wavy bedding, porous, carbonaceous, iron
stained and micaceous.

f
Black (Nl) coal, pyritic '

Light gray (N7) argillaceous sandston' planar to
âvy bedded, carbonaceous.
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Dark gray (N3) siltstone/nudstone, slightly micaceous
carbonaceous.
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VISUAL CLASSIFICATION OF ROCK

Project Name KUS - Peerfjcld
Locetion Deerficld, Ohio

Project No. 396-01

Geologist/Engineer
Drill ATV - PemTDrlll

R. T. 1'etrus
Coordinates _______ ___________
Drilling Contractor _1 <kc Drilling Co.
Driller _____R. Valepa _________

NXDrilling Method Auccr. Roller Bit.Cor£orc Size _
Plunge from Horir. ______™_________ Bearing Azimuth

Elevation 1100.9

Casing Information
Size

V pvr:
Depth

136 feet

Groundwater Level Date
Actual Time
.Inly 17, 1QRO

Depth
?«i n1

Actual Time Depth

'

* Bottom 10 feet is 4" PVC Johnson 0.020 slot screen.
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Augered to 45 feet geologic profile nay be inferred
from adjacent hole (B-3) .

Water encountered at 29.0 feet.
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Description

-

Dark gray (N3) mudstone, with calcitc filling
fratrtores, -slightly -pyritic «haley iu places clay-
^rtone at base.

Dark gray (K3) limestone fossiliferouc , dense, slightly
pvritic, very argillaceous.

•

xlflack (Nl) carbonaceous shale slightly fossiliferous
and pyritic.

Dark gray (K3) siltstone.
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Description

Dark gray (N3) clay shale.

Dark gray (N3) claystone to mudstone. Shaly in
places, carbonaceous.

Dark gray (N3) siltstone, very carbonaceous at base,
slightly fossiliferous.

SJlack coal (Nl), pyritic.

Olive gray (5 Y 4/1) claystone and siltstone rooted
at top, carbonaceous plant fossils, slightly cicaceous.

Olive gray (5 Y 4/1) to light olive gray (5 Y 6/1) fine
grained sandstone and siltstone, ferruginous non-
calcareous oolite-like grains, calcite fracture
fillii.gs.

Olive gray (5 V A/1) sandstone, fine-grained, oolite-
like grains, cl.ert and ferruginous clasts.

Medium light gray (N6) arenaceous shale increasing
carbonaceous material towards bottom.
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Description

Dark gray (N3) siltstone with a few arenaceous
laminations, slightly tnicaceous, increasing
carbonaceous material towards base.

Black (Nl) coal and carbonaceous shale.

Dark gray (N3) claystone.

Medium gray (N5) siltstone and fine grained
sandstone, clay lenses present.



No.
7 ofSheet ____ _

Date July 9. 19BO
30

o1
c

://

*

iJ C

£

95

R
ec

ov
er

y

1-1
tH

t-l

% 
R

ec
ov

er
y

^

ON

1

oooo

tH
•rt

P
ro

fi
le

v/:;.yV:;:-.:-̂ ^

"̂§8:

— -'. • '•—

^r~:'~r:=f

!H=!Eif

^̂ ^̂ T̂ -̂ ^

^_ "— ̂ * * *

~-.~-~. ~ ~_~_— — -

Description

Medium dark gray (N4) muds tone to siltstone thinly
laminated with some iron-stained units.

.

Medium dark gray (K4) interbedded siltstone and fine
grained sandstone, carbonaceous, planar to vavy \
laminations.
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Description

Dark gray (K3) nudstone slightly micaceous, some
carbc *iaccous plant fossils.

'

• ,

Dark gray (N3) carbonaceous, shale. •

Dark gray (N3) siltstone with thin clay laminations,
iron stained in places.

'

-

t

1



T
Sheet 9

Jiilv

l.-u
10

IQflQ

o
"S
z
c

ni

£. "

115.0

125.0

R
ec

ov
er

y

(M

SO
O\

% 
R

ec
ov

er
y

«

CO

ooo

1

o

3

eit-t
«Ho
p.

11
••.;-;::::̂ -;;iV.vV::;

^t$&$8i£
w$i£&?s$.
ii-By-^vj-^&J;;

8IK8S8
S£^v£'&:

siftm
IWK
'v£:%'£5v££::i

."•" * *.v'.Tt;;/.y-*.*."«J* I *;

-:̂ -:t-y>/:>/:':

;?£^v££:?i-;

Description

Medium dark gray (NA) claystone.

Medium gray (N5) fine grained sandstone and siltstone
(wavy and flat laminations) cleaner at base, pyrite
grains.

Lost water at 117.0 feet

-

,

Medium light gray (K6) fine to medium grained sandstone
~-ith localized siltstone beds.
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Wavy and planar laminations.

Mediun light gr-ay milestone

Grayish black (N2) clay shale carbonaceous.
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Hedium gray argillaceous sandstone fine to medium
grained, micaceous.
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SfiMPLED RESIDENTIAL WELLS



*DEPARTMENT*'O"F"NA'TURA
Division of W»ter

Columbus, Ohio, . / /
''^

1ST? 160810

County-

Owner 

Location of property

m ection of Township
_£ 'j*V?;.~- or Lot Number.._....__

CONSTRUCTION DETAILS PUMPING TEST

Casing diameter .£....

Type of screen...—...——

Type of pump-—.————

Capacity of pump———
Depth of pump setting.

-ength of casing....

_Length of screen...

Pumping rate___......G.P.M. Duration of test......._._...hrs.

Drawdown....-.™._.._._..ft. Date..........................._._._........

Developed capacity _.._..._.......„.._

Static level—depth to water._—_.,

Pump installed by__________

i; i
WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Feet N.

•5V
Jo nobfiaol 9;

E io\
faSO'

1 -3 \t \ 3 ".:\ .• u ! -• •

a:,- ni iw "t •

33
IE

9Q 91uj-»

R

10

s.
See reverse side for instructions

 Domestic Well
001

Source: Pinzon, 1986

Date



OR TYPEWRITER
I DO NOT USE lanEI

Division 01 vv aicr
1562 W. First Avenue

Columbus, Ohio 43212

.Section of Township

CONSTRUCTION DETAILS'I 'l{\QdZ+>' i BAILING OR PUMPING TEST
—————————35————————————————————
Pumping Rate—_C>._...G.P.M. Duration of test...———.hrsCasing diameter

Type of
Type of pump——_2C

-Length of casing..
-Length of screen

Capacity of pump——
Depth of pump setting.

Date of completion..
y^A

Static level-depth to water.—

Quality (clear.^ cioudy, taste^odor).™

Pump installed byZ__^.v^--i-__i'i...^.<

LOG* SKETCH SHOWING LOCATION

•JL Date Domestic Well

Source: Pinzon, 1986

aacauonaj. space is neeced to complete well log, use next consecutive numberjld for:
LOCAT



OR TYPEWRITER Division of Water
DO NOT USE INK. 1562 W. First Avenue

Columbus 12, Ohio
PfiR~r£." Z i*i*zp£i>£) -D - i QCounty  l nshipfy*-*' vr_« *• ~T^ ,.

 r^rrn-, r,-

"""TT.1 — a^i-fkru ———

c?
._.£................... .......

7

" Location of p» -

CONSTRUCTION DETAILS y £7 «

/•* ¥••',Casing diameter is, —— ../ — ...Leng'
Type of screen . ,.,,........_ ..._.Leng
Type of pump>^ QiJ L- '* ±L

//—

th of casing
th of screen' p / /r

3J

—'——» —

Depth of pump settingJS^g^f ..,./ P. fa . ......................
Date of completion..._^L!r" ? -~ -£• $ — - — -—

WELL LOG

Formations
Sandstone, shale, limestone,

gravel and clay
/o i X-V V^-^^^^/

\

From

0 Feet

3^
?'

117

To

70
/77
123

/9T

Domestic Well
01

Source: Pinzon, 1986

BAILING OR PUMPING TEST

Pumping Rate. /a..,. ..G.P.M. Duration of tests-?. .. ..hrs,
pr3W^ron y^frf ft Date// / ••• ^ A

Static level-depth to water. zJ.̂ 2... »• -

Quality (clear, cloudy, taste, odor

/^ /? _i.Pump installed by. U^- — f>.Jf^f^T.

SKETCH SHOWING

x^^^Z<£^7;. ....... .........̂ .........
- C - « ^ _ • , . . , , „ . j
-/^^£xU* i
LOCATION 1

Locate in reference to numbered 1
State Highways, St. Intersections, County roads, etc. 1

1 .̂ *"

N.

1•X

V#2^-7^ /\T \

S.
See reverse side for

n.,. 7- 9—ktrn "7^ &\

1 1

1 1

- — —— c. 1
/ 7

1
i
i

instructions i

r J"

'^&———— \

CLOCAJID }\^^ i



PLEASE USE PENCIL Dl
OR TYPEWRITER.
DO NOT USE INK,

Division of W*ter
1562 W. First Avenue

Columbus, Ohio
No. 234652

£.___ Township.<4^£Jtde!j£UJk'^'6*r....Section of Township.

CONSTRUCTION DETAILS 'BAILING OR PUMPING TEST

Casing diameter __JBK.___..Length of
Type of screen..x<v*<'G3<*«&R--Length of screen

Type of pump........._____.....___.........._.......

Capacity of pump......._......———............................

Depth of pump setting........̂ .̂ .-......—................
Date of completion...................................................

Pumping rate..,/..^....G.P.M. Duration of test.............hrs.
T^ -, JJJ?~ , T^Drawdown.......^?TO——-ft. Date.................................................

Developed capacity.........................................................................

Static level—depth to water. .^..^/................................. . . . .ft.

Pump installed by...................

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From To Locat: in reference to numbered

State Highways, St. Intersections, County roads, etc.

Is "s * ' ^^- x A6 ->>^*^*t«£^^^^^iZ^ 7- s.
——————————^^/^6*rS2!^O^^e»^«2g,slde for ins

" -' - jUL&££
instructions

 Domestic Well
• 01

Source: Pinzon, 1986



NO CARBON PAPER
NECESS4RY-

SEUF-TRANSCRIBING

- / SUte nt Ohio
Al. MENT OF NATURAL RESOURCES

Division of Water
Fountain Square

Columbus, Ohio 43224

500980

OWMEB SLT t̂T'1 HOME.? ( ) ADDRESS HARTVULE, OHIO

, «^.T1«M «. D.n.v.̂  

CONSTRUCTION DETAILS

WELL LOG*

Formations: sandstone, shale,
limestone, gravel, clay

SAND & GRAVEL

GRAY SHALE

LIMESTONE " • • ' •

GRAY SANDY SHALE

LIMESTONE

LIGHT GRAY ffTOTB

COAL

CLAY

GRAY SHALE

-

•• •

From

Oft

20

26

50*6"

• ^5
47 » 6"
55
56
58

• * i *

i

• ' . ' ' . -
1 * •

To

20 ft

26.
30'6"~
^5

47' 6"

55
56
58
62

 Domestic Well
RW012001
^nnvrp- Piri7an_ 1 QRfi

BAILING OR PUMPING TEST
(SDCCilv en* by circling)

Or^yrfnwn 25 *» Oaf. 4-21-77

Quality (clear, cloudy, tasta. odnrj _______ "V

Pi imp insralloH hy ._ , _ _

SKETCH SHOWING LOCATION

Locate in reference to numbered
state highways, street intersections, county roads, etc.

N

. / •

S
May 3, 1977

«,» __ J/^^'^.^Sf t^_
X

lf additional space is neednd to complete »v*ll log. use next consecutive numbered form.
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APPENDIX E - HYDROGEOLOGIC CALCULATIONS



ZONLDESIBNAIIQN. NELL!

Bedford Coal
Fill

Till

UN- 4 IE-4
2BB5
2BB&
2BB7
2BB8
UN- 3 3E-3
UN- 9 2E-4

BN-15 IE-4
UN-I8 8E-5
UN- 7 2E-3

HN-lt 3E-3

NN-17 6E-5
HN-19 4E-4

«N- 2 IE-5

UN-10 2E-5

UN-16 6E-7

HN-22 3E-6

UN-25 5E-6

UN-12 6E-6
NN-20 9E-6

NN-23 IE-5

HN-24 6E-5

UN-21 2E-8

HN- 5 3E-4
HN- & 5E-6

HN- 8 IE-5
HN-13 2E-7

UN-14 5E-5

HN-24 2E-4

NOTE: All values are ce/wc.
Fill includes eine spoil

Unnaeed Coal II

Unnaeed Coal IIa

Unnaied Coal 12

Unnaeed Coal 13

Unnaied Lieestone

Upper Sharon

NOTES ON HYDRAULIC-CONDUCTIVITY TESTS
SUHNIT NATIONAL SITE

.J83NMLPJJK!_____

Very good.
NONE PERFORHED
NONE PERFORHED
NONE PERFORHED
NONE PERFORHED
Bood.
Bood until tiie=10 einutes.

Fair; soie tailing-off on both ends.
Poor; recovery ceased at 50Z.
Linear recovery is of very short
duration.
Poor linear trend, very short
duration until recovery.
Very good.
Fair; very short duration for linear
trend.
Slow recovery, but good linear trend

Very good.

Bood linear trend, but very little
recovery during test.
Bood linear trend, but very little
recovery during test.
Fair linear trend; very little
recovery during test.
Very good.
Bood linear trend, but little
recovery during test.
Bood linear trend, but little
recovery during test.
Bood.

Unacceptable. No recovery during
test.
Fair. Low regression coefficient.
Good test, but field observations
indicate that well is duaged.
Very good.
Poor linear trend, very slow recovery

Poor linear trend, irregular
recovery.

Bood for tiee < 10 einutes.

shale, coal
Fill
Fill
Fill
Fill
fill, siltstone
fill, (leathered carbonaceous
shale
fill, till
Fill
till, coal, carbonaceous shale

till, outnash

clay, weathered silty shale
till

carbonaceous shale, coal,
siltstone, underclay
poor recovery, but SOM coal
apparent
siltstone, coal

siltstone, eudstone,
carbonaceous shale, sandstone
Hiestone, silty shale

siltstone, silty sandstone
siltstone, black to carbonaceous
shale
Siltstone, carbonaceous shale

siltstone, coal, carbonaceous
shale, silty shale
eudstone, sandstone, siltstone,
lieestone
siltstone, sandstone
sandstone, siltstone

siltstone, sandy siltstone
sandstone, shale, siltstone,
silty sandstone
siltstone, black shale, silty
sandstone, sandy siltstone,
sandstone
sandstone, silty shale, sandy
siltstone, silty sandstone



COMMENTS ON METHODOLOGY

1. All data collected are shown on the plots, but only data selected for
calculation* are prevented in tables.

S. Calculations performed by a computer program <Thompson, in press)
which uses the methods of Cedergren (1977).

3. Data for calculations were selected to maximize the regression
coefficient.

1



Nftilu.MfiL. SITc — tfW-2

- T VI-

( seconds)

7. 996
9
9. 996
1O. 996
1£
i 2. 996
13. 998
15
15.996
16. 998
18
18. 996
19. 996
£5. O02
30
34. 998
40. 002
45
49.998
55. O02
60
64. 998
70. 002
75
79. 996
84. 996
90
94. 998
i UU. OUd
3O5
1OS. 998
315. OO2
120
1 50
I BO
£10
£40
£70
3OO
330
360
39O
420
4 SO
460
510
540

WPTER LEVE'L.
(feet )

3.64
3. 64
3. 64
3. 64
3. 64
3. 64
3. 64
3. 65
3.64
2. 64
3.65
3. 65
3. 65
3. 65
3. 65
3. 65
3. 65
3. 65
3.65
3. 65
3. 64
3. 64
3. 64
3. 63
3. 63
3. 63
3. 62
3. 62
3. 62
3. 62
3.61
3. 61
3. 61
3. 6
til. wj'3

3. 58
3. 57
3. 56
3.55
3. 54
3.52
3.45
3. 45
3. 47
3. 49
3. 52
3.53

DRAWDOWN
(feet)

3.64
3.64
3.64
3. 64
3.64
3. 64
3. 64
3. 65
3.64
3. 64
3. 65
3. 65
3.65
3.65
3.65
3. 65
3.65
3. 65
3.65
3.65
3.64
3. 64
3. 64
3.63
3.63
3. 63
3.62
3. 62
3. 62
3. 62
3. 6l
3. 61
3.61
3. 6O
3. 59
3. 58
3.57
3.56
3.55
3.54
3. 5£
3. 45
3.45
3. 47
3. 49
3. 52
3.53

H/HO

. 9972603

. 99726O3

. 9972603

. 9972603

. 9972603

. 9972603

. 9972603
1
. 9972603
. 9972603
1
1
1
1
1
1
1
1
1
1
. 9972603
. 9972603
. 9972603
. 9945207
. 9945207
. 9945207
.9917806
. 9917SO8
.99178O6
. 99178OS
. 9690411
. 989U41 1
. 989041 i
. 9863O14
.9835616
.9808219
. 9780822
. 9753425
. 9726O28
.9698631
. 9643836
. 9452055
. 9452055
. 9506849
.9561645
. 9643836
.9671232



57O
600
720
840
96O
i O6O
: 200
1 320
: 440
1560
: 660
180O
1920
2O40
2 1 SO
228O
240O

£640
276O
£380
3000
3120
3£40
336O
348O
3600
3720
364O
396O
4O8O
420O

3. 52
3. 51
3. 45
3. 42

3. 34
3. 36
3. 37
3. 34
3. 32

3.27
3. 2
3. 17
2. 17
3. 25
3. 2
3. 12
3. 11
3. 07
Jr.

3.

3.
3.

, 06
, O4
03

, 03
3. O4
£.97
3. Ol
£.95
2. 99
£.86
2.94
2. 9£

3. 53
3. 51
3. 45
3. 42
3. 39
3. 34
3. 3b
3. 37
3. 34
3. 3£
3.29
3.27
3. £0
3. 17
3. 17
3. £5
3. £0
3. l£
3. 11
3. 07
3. 06
3.04
3.03
3.03
3. O4
£.97
3. 01
£.95
£.99
£.86
£. 94
£. 9£

MU

. 9643636

. 9616439

. 945£055

. 9369864

. 9,287671

. 9150684

. 92O54 79

.9£3£876

.9150684

. 909589

. 9O 13699

. 8958904

.8767124

. 8684932

. 8684932

. 8904109

. 6767124

.8547945

. 85£0548

. 8410959

. 8383562

. 83£8768

.83O137

.83O137

. 83£8768

.8136986

. 8246576

.808£19£

. 8191781

. 7835616

. 8054795

.8

-2 (con't.)

UNCONFINED RQU1'F£S

K = 0.IE-04 cm/sec
= o. 3 DQfl/f 12
= 0.4E-06 ft/sec
= 0. O ft/day

RECESSION COEFFICIENT = -.990636
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5_iMMIT SITE — MW-3

~:ME
i seconds)

4. 998
£
6. 996
7.998
9
9.996
10.998
12
12.996
13. 998
15
15.996
16. 998
13
18.996
19.998
25. 002
3O
34. 998
4O. OO2
45
49. 998
55. 002
60
64.998
70. 002
75
79. 998
84. 996
90
94. 998
1OO. OO2
105
1O9.998
115. OO2
120
150
180
210
£40
270
3OO
330
36O

WATER LEVEL
(feet)

3. 6
3. 59
3. 54
3.53
3.51
3.48
3.44
3. 44
3. 39
3.36
3. 33
3. 3
3. 27
3. 24
3. 21
3. 19
3.03
2.88
£.75
2. 62
2. 48
2. 35
2.23
2. 11
£
1. 9
1. 79
1. 7
1.6
1.51
1.42
1. 34
1. 26
1. 18
1.11
1 . 04
.69
. 44
.28
. 19
. 13
. 1
.08
.06

DRAWDOWN
(feet)

3. 60
3.59
3.54
3.53
3.51
3. 48
3. 44
3. 44
3.39
3.36
3.33
3. 30
3.27
3. 24
3.21
3. 19
3.03
2.88
£. 75
£.62
£. 48
£.35
2. 23
2. 11
£.00
1 . 90
1. 79
1. 70
1 . 60
1. 51
1.42
1. 34
1.26
1. 18
1. 11
1 . 04
0. 69
0. 44
0.28
0. 19
0. 13
0. 10
0. 08
0. O6

H/HO

1
. 9972222
. 9833333
. 9805555
.975
. 9666666
. 9555555
. 9555555
. 9416667
. 9333332
. 925
. 9166666
. 9083333
.9
.8916667
.8861111
.8416666
. 80OOO01
. 7638889
. 7277778
. 688889
. 6527778
.6194445
. 5861111
. 5555555
. 5277778
. 49722££
. 4722222
. 4444445
. 4194445
. 3944444
. 3722222
. 35
. 3277778
. 3083333
. 2888889
. 1916667
. 1222222
7. 777778E-02
5. 277778E-02
3.611111E-02
£. 777778E-0£
£. ££2222E-0£
1 . 666667E-0£

u-NCONFINED flQUIFER

- = 0. 3E-02 crn/sec

1
1
I
1
1
I
1
1
1
1
1
1
1
1
1
J
1
1
1



. MW_3 <cori,t-)
= U.It-u3 ft/sec

8.4 ft/day

^EGRESSION COEFFICIENT = -.9378448
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SJ>1MIT NOTIONAL SITE — MW-4

- - v-
\ seconds)

6. 996
7. 998
9
9. 996
10.998
12
12. 996
13. 998
15
15. 996
16.998
13
18. 996
19. 998
25. 002
3O
34.998
4O. OO2
45
49. 998
55. 002
60
64.998
7O. 002
75
79. 998
84. 996
90
94. 998
1OO. OO2
1O5
109. 998
115. 002
120
150
ISO
210
240
270
300
330
360
390
420
450
480
51O
54O

WATER LEVEL
(feet)

3.62
3.61
3.61
3.61
3.61
3.61
3.61
3.6
3.6
3. 6
3. 6
3.6
3. 59
3.59
3.57
3. 55
3.53
3.52
3.5
3.48
3. 46
3.45
3.43
3.41
3.4
3.38
3. 37
3. 36
3. 34
3. 33
3. 31
3. 3
3.28
3.27
3. 19
3. 11
3.03
2.96
2.89
2.82
2.76
2.7
2.64 •
2.59
2.53
2.49
2. 44
2.38

DRAWDOWN
(feet)

3.62
3.61
3.61
3.61
3.61
3.61
3.61
3. 60
3.60
3. 60
3. 60
3.60
3.59
3.59
3.57
3.55
3.53
3.52
3.50
3.48
3.46
3.45
3. 43
3. 41
3.40
3.38
3.37
3. 36
3.34
3. 33
3.31
3. 30
3.28
3.27
3. 19
3. 11
3.03
2.96
2.89
2.82
2.76
2.70
2.64
2.59
2.53
2.49
2.44
2.38

H'/HO

1
. 9972376
. 9972376
. 9972376
. 9972376
. 9972376
. 9972376
. 9944752
. 9944752
. 9944752
. 9944752
. 9944752
.9917128
.9917128
.9861879
. 98O663
.9751381
. 9723758
. 9668509
.9613261
. 9558012
. 9530388
.9475139
. 9419891
. 9392266
. 9337018
. 9309392
. 9281763
.9226519
. 9138896
. 9143647
.9116022
. 9060774
. 9O3315
. 8812156
.859116
. 8370166
.8176796
. 7983426
. 7790056
. 762431
. 7458564
. 7292819
. 7154697
. 6988951
. 6878454
. 6740333
. 6574587



MW-4 (cor,' t. )

570
600
7£0
640
960
i oao
1 £00
1320
1440
156O
1680
180O
19£0
£O40
£160
££8O
£400
S5£0
£640

£.34
£.£9
£. 11
1.96
1. 8£
1.7
1.59
1.49
1. 41
1. 3£
1. £4
1. 16

11
,05

1,
1,
1
.95
.91
.87
. 83

LiNCONFINED ftQUIFER

K = 0. IE-03 crn/sec
- £.9 god/ftS
= 0.4E-05 ft/sec
= O.4 ft /day

£. 34
£.£9
£. 11
1. 96
1. 8£
1. 70
1.59
1.49
1. 41
1 . 3£
l.£4
1. 16
1.11
1.05
1 . 00
0.95
0.91
0.87
0.83

. 6464089

. 63£5968

. 58£873

.5414365

. 50£76£5

.4696133

. 439££66

. 41160£3

. 3895O£8

.364641

.34£5415

. 3£O44£

. 3066£99

. £900553

.£76£431

.£6£431

.£513813

. £403315

.££9£818

REGRESSION COEFFICIENT = -.9945094



s.
0
O

NIH tax m mm 3NIUVX3

(6H/H) 301
ISIXU

uiu '
ISIXU X

OOQO

9'£8 8'W fr'H 8'>

SB'

.. $'

1 I) 1I I I I I I I 1J )



NftTICNftL SITE — MW-5

~ I *?,r-.

; seconds)

1£
12.336
13. 936
15
15. 336
16.336
18
13.336
13.338
£5. O02
30
34. 333
40. 00£
45
43.338
55. OO£
60
64. 398
70. 002
75 .
73. 938
84. 336
30
94. 338
100.002
105
103.338
1 15. OO2
12O
150
18O
210
£40
270
300

WPT£R LEVEL
(feet)

8.21
8.21
8. £1
6. £
8.2
8. 18
a. id
8. 17
8. 17
B. 15
8. 12
a. 100001
8.08
8.05
8. 0£OOO1
8
7.98
7.95
7.33
7.31
7.89
7.87
7.65
7.83
7.81
7.73
7. 77
7.75
7.73
7. 62
7.51
7.42
7.33
7.24
7. 16

DRflWDOWN
(feet)

8.21
8.21
8. 21
8. £0
8.20
8. 18
8. 18
8. 17
8. 17
8. 15
8. IS
8. 10
8.08
8. O5
a. os
8. OO
7.98
7.95
7.93
7.91
7.89
7.87
7.85
7.83
7.81
7.73
7. 77
7.75
7. 73
7. 62
7. 51
7. 42
7.33
7. £4
7. 16

H/.-iO

. 7383034

. 7383034

. 7383034

. 7374101

. 7374101

. 7356116

. 7356116

. 7347123

. 73471£3

. 7323137

. 7302153

. 7284173

. 7266187

. 7£39£03

. 721 ££31

. 7194£45

. 7176£6

. 7143£81

.7131235

. 711331

. 7095324

. 7077339

. 7053353

. 7041368

. 7023381

. 70O5396

. 638741

. 6363425

. 6351433

. 68525 IS

. 6753538

. 6672662

. 6531727

. 6510731

. 6436843

C3NFINED AQUIFER, FULLY PENETRftTIIMS CONDITION

K = 0.IE-03 cm/sec
= £.3 gpd/ft£
= O.4E-O5 ft/sec
= 0.3 ft/day

REGRESSION COEFFICIENT -.3963438



MW-5 (cor,' t. )

\07IONflL SITE — MW-5

" - f. cr
. secorcs)

£40
270
300
330
360
390
420
450

' 480
5 10
540
570
600
720
8*tO
960
10 SO
1 200
1320
1 44O
1 56O
1 6SO
180O
1 920
£040
£ 1 6O
££80
240O
£520
£640

WPTER LEVEL
(feet )

7.33
7.24
7. 16
7. 08
7. 01
6.94
6. 87
6.3
6. 75
6. 69
6. 64
6. 59
6. 53
6. 35
6.2
6. 08
5.97
5.87
5.8
5.72
5. 66
5.6
5. 55
5.5
5. 46
5. 42
5.4
5. 35
5. 33
5. 3

DRfiWDC3v*
(feet)

7. 33
7. 24
7. 16
7. oa
7. 01
6. 54
6.87
6. 80
6. 75
6. 69
6. 64
6. 59
6.53
6. 35
6.20
6.08
5. 97
5. 87
5. 80
5. 72
5.66
5. 60
5.55
5. 50
5. 46
5.42
5. 40
5. 35
5. 33
5. 30

-V-fi

.6591727

. 6510791

. 6438849

. 6366907

. 6303958

. 624 1 OO3

. 6178058

.61151 06

. 6070145

.6016188

.5971223

. 592626

. 5872303

.5710432

. 557554

. 5467626

. 5368705

.5278777

. 5215828

.5143885

. 5089928

. 5O35972

. 4991O08

. 4946044

. 4910O72

. 4874101

. 48561 16

. 481 1 151

. 4793166

. 4 766 188

AQUIFER, FULLY PENETRftTING CONDITION

= 0. 3E— 04 cm /sec
0.6 g p d / f t £

= 0. IE-OS ft /sec
O. 1 ft /day

DEGRESSION COEFFICIENT = -.9636249



<cor.' t

SUMMIT NATIONAL SITE — MW-5

-:ME
•<, seconcs)

30
34. 998
40. 002
45
49.998
55. 002
60
64. 998
70. OO2
75
79.998
84. 996
90
94. 998
1OO. 00£
105
1O9. 998
115.002
120
150
180
£10
£40
£70
300
330
360
390
420
450
480
510
540
570
6OO
720
840
960
108O
1£00
13£0
144O
1560
1680
1800
19£0
£040
£160

WflTER LEVEL
(feet)

8. 1£
8. 100001
a. oe
a. os
a. oeoooi
a
7. 98
7.95
7.93
7. 91
7.89
7.87
7.85
7.83
7. 81
7.79
7. 77
7.75
7.73
7.6£
7.51
7.4£
7. 33
7. £4
7. 16
7.08
7. Ol
6. 94
6. 87
6. 3
6. 75
6. 69
6. 64
6.59
6.53
6. 35
6.2
6.08
5.97
5.87
5.8
5.72
5.66
5.6
5.55
5.5
5.46
5.42

DRflWDOWN
(feet)

a. 12
a. 10
8. 08
8. O5
8.02
8. OO
7.98
7.95
7. 93
7.91
7. 89
7.87
7.85
7.83
7.B1
7.79
7.77
7.75
7.73
7. 62
7. 51
7.42
7.33
7.24
7. 16
7.08
7.01
6. 94
6.87
6. 80
6.75
6.69
6.64
6. 59
6.53
6.35
6.20
6. O8
5.97
5.87
5. SO
5.72
5.66
5.60
5.55
5.50
5. 46
5. 42

H/HO

.7302159

.7284173

. 7266187

. 7239209

. 7£1££31

. 7194£45

. 7176£6

. 7149£81

. 7131295

. 711331

. 7095324

. 7077339

. 7059353

.7041368

. 7023381

. 7OO5396

. 698741

. 6969425

.6951439

.6852518

. 6753598

. 6672662

.6591727

.6510791

. 6438849

. 6366907

. 6303958

. 624 1 008

. 6178058

. 6 1 1 5 1 08

. 6070145

. 6O16188

. 5971223

. 592626

. 5872303

. 57 1 0432

. 557554

. 5467626

. 5368705

. 5278777

.5215828

.5143885

. 5089928

. 5035972

. 4991008

. 4946044

.4910072

. 4374101



MW-5 (con' t. )
££60 5.4 5.40 .4856116
£40O 5.35 5.35 .4811151
£5£0 5.33 5.33 .4793166
£640 5.3 5.30 .4766188

CC-MFINED PQUIFER, FULLY PENETRATING CONDITION

K = 0.4E-04 cm/sec
= O. 8 goo/ft£
= 0.IE-OS ft/sec

0.1 ft/day

DEGRESSION COEFFICIENT = -.3519105 •
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NATIONAL SITE — MW-6

~:XE
- secorics )

7. 998
9
9.996
1O. 998
12
12. 996
13. 998
15
15. 996
16. 998
16
18. 996
19. 998
25. 002
30
34. 998
40. 002
45
49.998
55. 002
60
64. 998
70. 002
75
79. 998
84.996
9O
94.998
1OO. OO2
105
109. 998
115. OO£
1 20
150
ISO
£10
240
£70
3OO
330
360
390
4£0
450
480
510
540
570

WATER ;_EVE_
(feet)

3.65
3. 64
3.64
3.64
vJ • fcvJ

3.65
3. 65
3.65
3.65
3. 65
3. 64
wli. 6»J

3. 65
3.65
3.65
3.65
3. 65
3.65
3. 65
3.64
3.66
3.64
3.64
3.64
3. 64
3.64
3. 64
3. 64
3. 63
3.63
3. 63
3. 63
3. 63
3. 62
3.62
3.61
3. 62
3.59
3. 58
3. 58
3.57
3.57
3.56
3.55
3. 55
3.56
3.53
3. 5£

DRAWDOWN
(feet)

3.65
3.64
3.64
3.64
3.65
3.65
3.65
3.65
3.65
3.65
3.64
3. 65
3.65
3.65
3.65
3. 65
3.65
3.65
3.65
3.64
3.66
3.64
3.64
3.64
3. 64
3. 64
3.64
3. 64
3. 63
3. 63
3.63
3.63
3.63
3.62
3. 62
3.61
3.62
3.59
3.58
3.58
3.57
3.57
3.56
3.55
3.55
3.56
3.53
3. 5£

'-i/HO

1
. 9972603
. 9972603
. 9972603
1
1
1
1
1
1
. 9972603
1
1
1
1
1
1
i
1
. 9972603
1 . 00274
. 9972603
. 9972603
. 9972603
. 9972603
. 997£603
. 9972603
. 9972603
. 9945207
. 9945207
. 9945207
. 9945207
. 9945207
. 99178O8
. 9917808
.9890411
.9917808
.9835616
.98O8219
.9808219
. 97808££
. 978O8££
. 97534£5
. 97£60£8
. 97£60£8
. 9753425
.9671232
. 9643836



MW-6 <con' t. )
£00
720
84 O
960
1080
1 £00
i 3£0
1440
1560
1680
1800
i 950
£04O
£160
£280
£40O
£5£0
£640
£760
£380
3OOO
3120
3£40
3360
3480
3600
37£0
3840
396O
4O8O
4£OO
43£0

3. 52
3.51
3. 48
3. 46
3. 44
3. 4£
3.41
3.39
3. 37
3. 35
3. 33
3. 3£
3.3
3. £9
3. £7
3. £5
3. £4
3. ££
3.£1
3. 19
3. 17
3. 16
3. 16
3. 14
3. 1£
3. 1
3. 1
3. 08
3. 06
3.05
3. 04
3. O£

fiQUIFER, FULLY PENETRftTING CONDITION

K = 0. 5E--05 cm /sec
O. 1 god/ftS

= 0. £E-O6 ft /sec
= 0. O ft /oay

.-E3RESSICN COEFFICIENT = -.9971494

3. 5£
3.51
3. 48
3. 46
3. 44
3. 4£
3. 41
3. 39
3. 37
3. 35
3. 33
3. 3£
3.30
3. £9
3. £7
3. £5
3. £4
3.££
3. £1
3. 19
3. 17
3. 16
3. 16
3. 14
3. 12
3. 10
3. 10
3. OS
3. 06
3.05
3. O4
3. O£

. 9643836

.9616439

. 9534S47

. 947945£

. 9424656

. 9369864

. 9342466

.9£87671

. 9£3ciS76

. 9178082

. 91 £3288

. 909589

. 9041096

.9013699

. 8958904

. 8904109

. 88767i£

. 8S£1918

.8794521

. 87397£6

. 8684932

. 8657535

. 8657535

. S60274

. 8547945

. 8493151

.8493151

. 8438356

. 838356£

. 8356165

. 83£8768

. 8£73973

1
1
1
1
1
1
1
1
1
1
1
1
J
J
J
J
J
J
J
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¥ AXIS!
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Summit National Sit» — MUI-7

TIME
< seconds >

3.996
4.998
6
6.996
7.998
9
9.996
10.998
12
12.996
13.998
15
15.996
16.998
18
18.996
19.998
25.002
30
34.998
40.002
45
49.998
55.002
60
64.998
70.002
75
79. 998
34.996
90

WPTER LEUEL
<f»«t >

2.83
2.67
2.51
2.35
2.2
2.07
1.94
1.83
1.72
1.62
1.52
1.44
1.36
1.29
1.22
1.15
1.09
.86
.69
.56
.47
.4
. 35
.31
.27
.25
.23
.21
.2
.18
. 17

DRRWDOWN
< f *»t )

2.83
2.67
2.51
2.35
2.20
2.07
1.94
1.83
1.72
1.62
1.52
1.44
1.36
1.29
1.22
1.15
1.09
0.86
0.69
0.56
0.47
0.40
0.35
0.31
0.27
0.25
0.23
0.21
0.20
0.18
0. 17

H/H0

1
. 9434629
. 8869258
. 8303887
. 7773852
.7314487
.6855125
. 6466432
. 6077738
. 5724382
.5371025
. 503834
. 4805654
. 4558304
.4310954
. 4063604
. 385159
. 3038869
.2438163
. 1978799
. 1660778
. 1413428
. 1236749
. 1095406
9.540637E-02
8.833922E-02
8. 127209E-02
7.420495E-02
7.067138E-02
6.360425E-02
6.007068E-02

UNCONFINED ftQUIFER

K = 0.2E-02 cm/sec
40.4 gpdx"ft2

- 0.6E-04 -ft/sec
« 5.4 -ft-'day

REGRESSION COEFFICIENT - -.978916
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STRIKE ANY KEY WHEN READY,

o o ' o o0

2,8 6,9 19,8 14.8 18,8

i
-J

n
o



Summit National Sit* — MUI-8

TIME
< seconds >

3.996
4.998
6
6.996
7.996
9
9.996
10.998
12
12.996
13.996
15
15.996
16.998
18
18.996
19.998
25.002
30
34.998
40.002
45
49.998
55.002
60
64.998
70.002
75
79.998
84.996
90
94.998
100.002

105
109.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
606

UPTER LEUEL
< -f **t >

3.57
3.54
3.46
3.45
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.44
3.44
3.44
3.44
3.43
3.43
3.44
3.42
3.42
3.42
3.41
3.41
3.41
3.4
3.4
3.4
3.38
3.36
3.34
3.32
3.3
3.28
3.26
3.25
3.23
3.22
3.2
3.19
3.18
3.17
3.16
3. 14

DRRWDOUIN
< -f»*t >

3.57
3.54
3.46
3.45
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.46
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.45
3.44
3.44
3.44
3.44
3.43
3.43
3.44
3.42
3.42
3.42
3.41
3.41
3.41
3.40
3.40
3.40
3.38
3.36
3.34
3.32
3.30
3.28
3.26
3.25
3.23
3.22
3.20
3. 19
3.18
3. 17
3.16
3.14

H/H0

1
.9915967
.9691877
. 9663866
.9691877
.9691877
.9691877
.9691877
.9691877
.9691877
.9691877
.9691877
.9691877
. 9663866
. 9663866
.9663866
. 9663866
. 9663366
.9663866
. 9663866
. 9663866
. 9635854
.9635854
. 9635854
.9635854
. 9607844
.9607844
.9635854
. 9579833
. 9579833
.9579833
.9551821
.9551821
.9551821
.9523809
. 9523809
. 9523809
. 9467788
.9411765
.9355742
.929972
. 9243698
.9187675
.9131652
. 9103641
.9047619
.9019609
. 8963586
.8935575
. 8907564
. 8879552
.3851541
.8795519



MW-8 (con't.)

720
640
960
i0ee
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760
2880
3000
3120
3240
3360
3480
3600
3720
3840

3.09
3.04
2.99
2.92
2.86
2.82
2.77
2.73
2.63
2.64
2.6
2.55
2.52
2.49
2.44
2.4
2.37
2.34
2.3
2.28
2.24
2.21
2.18
2.15
2.12
2.1
2.07

3.09
3.04
2.99
2.92
2.86
2.82
2.77
2.73
2.63
2.64
2.60
2.55
2.52
2.49
2.44
2.40
2.37
2.34
2.30
2.28
2.24
2.21
2. 18
2.15
2.12
2. 10
2.07

. 8655463

.6515406

.8375351

.8179273

.8011204

.789916

.7759104

. 764706

. 7507003

. 7394959

.7282913

.7142856

. 7058824

. 697479

. 6834735

. 672269

. 6638656

. 6554622

. 6442578

. 6386555

.627451

.6190476

.6106443

.602241

. 5938376

. 5882353

.5798319

CONFINED PQUIFER, FULLY PENETRRTING CONDITION

K » 0.IE-04 cm/sec
= 0.2 gpd/-ft2
» 0.4E-06 -ft/sec

0.0 ft/day

REGRESSION COEFFICIENT = -.9973846
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,85 •

.81
(.4 19.2 32,8 44.8 57.1

XftXIS:
IIHE, Kin

{AXIS:L0UH/W)

EXAMINE PLOT.
STRIKE ANY KEY (IDEM READY.

3z:i
03

nn
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SUMMIT NftTIONOL SITE — MW-9

--VF
> seconas )

3
3.996
4. 998
6
6. 996
7.998
9
9. 996
10. 998
12
12.936
13. 998
15
15. 996
16. 998
18
18.996
19. 998
25. 002
3O
34. 998
4O. O02
45
49. 998
55. 002
60
64. 998
7O. OO2
75
79. 998
84.996
90
94. 998
1OO. OO2
1O5
1O9. 998
115. OO2
120
150
180
21O
240
270
300
330
360
390
42O

XIPTER LEVEL
(feet)

4. £5
3.99
3. 94
3. 94
3.9
3.86
3.83
3. 81
3. 77
3. 75
3. 73
3.7
3. 68
3.66
3.64
3.61
3. 6
3. 58
3. 49
3.4
3. 33
3. £6
3. 18
3. 11
3. 03
£.97
2. 9
£. 84
£. 78
£. 72
£.66
£.6
2. 54
£. 49
2. 44
2. 39
2.34
2.29
2.01
1.76
1. 55
1.37
1.22
1. 08
. 96
. 85
.76
.67

DRflWDOWN
(feet)

4. 25
3.99
3. 34
3. 94
3. 30
3. 8S
3. 83
3. 81
3. 77
3.75
3. 73
3. 70
3. 68
3.66
3.64
3.61
3. 60
3. 58
3.43
3.40
3. 33
3.26
3. 18
3. 11
3. 03
2. 97
2. 90
2. 84
2. 78
2. 72
£.66
2. 60
2.54
2. 43
2. 44
2.39
2. 34
2.29
2. 01
1.76
1. 55
1.37
1.22
1.08
0.96
0.85
0.76
0.67

H/HO

1
. 9388234
. 9270588
. 9270588
. 317647
. 3O82352
.3011764
.8964706
. 8870588
. 8823529
. 8776471
. 8705882
. 8658824
.8611765
. 8564706
.8494118
. 8470588
. 8423529
.8211765
. 8
. 7835294
. 7670588
. 7482353
. 7317647
.7129412 .
. 6988236
. 682353
. 6682353
. 6541176
. 64
. 62588£3
. 6117647
. 597647
. 5858824
. 5741177
. 562353
. 5505882
. 5388235
. 4729412
. 4141176
. 3647059
. 322353
. £870588
. 2541177
. 2258823
• C.'

. 1788235

. 1576471



MW-9 (con't.)
61
54
49
45
41
38

0.61
0. 54
0. 49
0. 45
0.41
0. 38

45O
480
510
540
570
600

uNCONFINED flQUIFER

s = 0.2E-03 cm/sec
= 4.8 gpd/ft£
= 0.7E-05 ft/sec
= 0.6 ft/day

DEGRESSION COEFFICIENT = -.99843£7

. 1435294

.1270588

.1152941

.1058824
9. 647059£-0c!
8.941176E-02

1
J
J
J
J
J

J
J

1

J
J
J
J
-J

J
J
J
J
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Summit National Sit* — MU-18

TIME
< s*conds >

3
3.996
4.998
6
6.996
7.998
9
9.996
10.998
12
12.996
13.998
15
15.996
16.998
18
18.996
19.998
25.002
30
34.998
40.002
45
49.998
55.002
60
64.998
70.002
75
79.998
84.996
90
94.998
100.002
105
189.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510

WPTER LEUEL
<1>*t>

4.58
4.5
4.45
4.58
4.5
4.52
4.51
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.51
4.5
4.5
4.49
4.48
4.48
4.47
4.46
4.45
4.45
4.44
4.44
4.43
4.43
4.42
4.41
4.4
4.4
4.36
4.34
4.31
4.28
4.24
4.21
4.19
4.17
4. 14
4.1
4.08
4.04
4.01

DRPUDOWN
< f *«t >

4.58
4.50
4.45
4.58
4.50
4.52
4.51
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.52
4.51
4.50
4.50
4.49
4.48
4.48
4.47
4.46
4.45
4.45
4.44
4.44
4.43
4.43
4.42
4.41
4.40
4.40
4.36
4.34
4.31
4.28
4.24
4.21
4.19
4.17
4. 14
4.10
4.08
4.04
4.01

H/H0

1
. 9825328
.9716158
1
. 9825328
. 9868996
.9847163
. 9868996
. 9868996
. 9868996
. 9868996
. 9868996
. 9868996
.9868996
. 9868996
. 9868996
. 9868996
. 9868996
. 9868996
. 9868996
.9847163
. 9825328
. 9825328
. 9803494
.978166
.978166
. 9759826
. 9737992
.9716158
.9716158
. 9694324
. 9694324
. 9672489
.9672489
. 9650656
.9628821
.9606988
. 9606988
.9519651
. 9475984
.9410481
. 9344979
. 9257642
.919214
.9148472
.9104804
.9039301
.8951966
. 3908297
.8820961
. 8755459



MW-10 ( con ' t . )

540
570
600
720
840
960
1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760
2380
3000
3120
3240
3360

3.98
3.95
3.93
3.81
3.69
3.58
3.47
3.36
3.28
3.18
3.1
2.99
2.91
2.8
2.7
2.64
2.54
2.47
2.4
2.32
2.24
2.16
2.1
2.03
1.97
1.91

3.98
3.95
3.93
3.81
3.69
3.58
3.47
3.36
3.28
3.13
3.10
2.99
2.91
2.80
2.70
2.64
2.54
2.47
2.40
2.32
2.24
2.16
2.10
2.03
1.97
1.91

. 8689957

. 8624455

. 8580787

.8318778

. 8056769

.7816595

. 757642

. 7336245

.7161573

. 6943232

. 676856

. 6528385

.6353712

.6113538

.5895197

.5764193

. 5545852

.5393013

.5240175

. 5065503

. 489083

.4716158

.4585153

.4432315

.430131

.4170306

CONFINED fiQUIFER, FULLY PENETRPTING CONDITION

K = 0.2E-04
0.5

= 0.8E-06
0.1

REGRESSION COEFFICIENT = -.9997384
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Summit National Sit* — MUI-11

TIME
< seconds >

1.8
1.998
3
3.996
4.998
6
6. 996
7.998
9
9.996
10.998
12
12.996
13.998
15
15.996
16.998
18
18.996
19.998
25. 002
30
34.998
40.002
45

UlftTER LEUEL
<: feet >

3
2.49
2.63
2.47
1.39
1.97
.92
.71
.53
.4
.32
.26
.22
.19
.18
.17
.16
.16
.15
.15
.13
.12
.11
.11
. 1

DRPUDQUIN
< feet )

s.ee
2.49
2.63
2.47
1.39
1.97
0.92
0.71
0.53
0.40
0.32
0.26
0.22
0.19
0.18
0.17
0.16
0.16
0.15
0.15
0.13
0.12
0.11
0. 11

0.10

H/H0

1
.8300001
. 8766668
. 8233334
. 4633334
. 6566667
. 3066667
. 2366667
. 1766667
.1333333
. 1066667
8.666667E-02
7. 333334E-02
6.333333E-02
6. 00000 IE-02
5.666667E-02
5. 333334E-02
5.333334E-02
5. 00000 IE-02
5. 00000 IE-02
4. 333334E-02
.04
3.666667E-02
3.666667E-02
3.333334E-02

UNCONFINED RQUIFER

0.3E-02 cm'sec
67.9 gpd/ft2

0. IE-03 -ft /sec
9. 1 -ft/day

REGRESSION COEFFICIENT -.8152988



XAXIS:
TIDE, Min

(AXIS:
LOG(H/N0)

EXANINE PLOT.
STRIKE ANY KEY UHDf READY.

0 0 0 0 0

nn
8,5 1.5 3.5 4,5

I I i i



MW-1£ (cor,' t. )

96O
1080
1200
1320
144O
1563
1680
1300

1920
2040
2160
2230
2400

2520
2640
2760
2880
3000

3120
3240
3360
3480
3600
3720
3840
3960
4080
4200

3.5
3.48
3.46
3.45
3.43
3.41
3.4
3.38
3.35
3.34
3.33
3.31
3.3
3.28
3.26
3.25
3.23
3.22
3.2
3.19
3.17
3.15
3.13
3.12
3. 1
3.09
3.07
3.06

3.50
3.48
3.46
3.45
3.43
3.41
3.40
3.33
3.35
3.34
3.33
3.31
3.30
3.28
3.26
3.25
3.23
3.22
3.20
3.19
3.17
3.15
3. 13
3. 12
3.10
3.09
3.07
3.06

.9615384

. 9560439

. 9505494

. 9478022

. 9423077

.9368132

. 9340659

.9285714

. 9203296

.9175823

.9148351

. 9093406

. 9065933

.9010989

. 8956044

. 8928571

. 8873626

.8846154

. 8791209

. 8763736

.8708791

. 3653846

. 8598902

.8571428

.8516483

.8439011

. 8434066

. 3406593

CONFINED OQUIFER, FULLY PENETRATING CONDITION

0 . 6E— 05 cm/sec
0.1 gpd/-ft2

0.2E-O6 -ft .-'sec
0.0

REGRESSION COEFFICIENT = -.9996982



Summit N»tion*l Sxt* — MU-12

TIME
< seconds >

7.998
9
9.996
10.998
12
12.996
13.998
15
15.996
16.998
18
18.996
19.998
25.802
30
34.998
40.002
45
49.998
55.002
60
64.998
70.002
75
79.998
84.996
90
94.998
100.002
105
109.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
340

UIPTER LEVEL
< f e«t >

3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.63
3.63
3.62
3.62
3.61
3.61
3.6
3.6
3.6
3.59
3.59
3.58
3.58
3.57
3.57
3.56
3.56
3.54
3.52

DROUDOUIN
< feet >

3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.63
3.63
3.62
3.62
3.61
3.61
3.60
3.60
3.60
3.59
3.59
3.58
3.58
3.57
3.57
3.56
3.56
3.54
3.52

HxH0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
. 9972528
. 9972528
. 9945054
. 9945054
.9917582
. 9917582
.989011
.989011
.989011
. 9862637
. 9862637
.9835164
.9835164
. 9807692
. 9807692
. 978022
. 978022
. 9725274
. 9670329

L
L
L
L
L
L
L
L.
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Summit National Sit* — MU-13

TIME
v seconds >

6.996
7.998
9
9.996
1 0 . 998
12
12.996
13.998
15
15.996
16.998
IS
18.996
19.998
25.902
30
34 . 998
40 . 002

45
49.998
55.002
60
64.998
70.002
75
79.998
84.996
90
94.998
100.002
105
109.998
115.002
120
150
180
210
240
270
300

330
360
390
420
450
480
510
540
570
600
720

UPTER LEVEL
C f *et >

3.61
3.6
3.6
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.6
3.6
3.6
3.6
3.6
3.6
3.6

DRPWDOUIN
< -feet >

3.61
3.60
3.60
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.60
3.60
3.63
3.60
3.60
3.60
3.60

H/HC-i

1
. 99723
. 99723
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
. 99723
. 99723
. 99723
. 99723
. 99723
. 99723
. 99723



MW-13 ( c o n ' t . )

840
960
1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760
2380
3000
3120
3240
3360
3480
3600
3720

3.6
3.6
3.6
3.6
3.6
3.6
3. 6
3.6
3.6
3.6
3.6
3.6
3.6
3.59
3.59
3.6
3.59
3.59
3.59
3.59
3.6
3.58
3.57
3.59
3.6

3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.59
3.59
3.60
3.59
3.59
3.59
3.59
3.60
3.58
3.57
3.59
3.60

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 99723

. 9944598

. 994459S

. 99723

. 9944598

. 9944598

. 9944598

. 9944598

. 99723

.9916398

.9889197

. 9944598

. 99723

CONFINED PQUIFER, FULLY PENETRATING CONDITION

K = 0.2E-06 cm/sec
= 0.0 gpd/l=t2
= 0.6E-08 -ft/sec
= 0.0 -ft/day

REGRESSION COEFFICIENT = -.3431028



,5 "

.1 ..

,95 •

.81

XAXIS:
TINE, win

YAXIS:
LOUH/W)

EXAHIHE PIOI,
STRIKE ANY KEY UHEN REAR

(.2 ll,i 31,9 43.4 55,8

As.I
>-*
C-J

no

1 1



Summit National Sit* — MU-14

TIME UPTER LEUEL DRPUDOUN H/HO
< seconds > <

60
64.993
70.002
75
79.998
84.996
90
94.998
100.002
105
109.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

CONFINED PQUIFER,

K = 0.5E-04 cm/se<
= 1.2 gpd-"f <
= 0.2E-05 -ft/se<
= 0.2 -ft /da;

feet >

3.21
3. 19
3.17
3. 16
3.13
3.12
3.1
3.08
3.06
3.05
3.03
3.02
3
2.93
2.86
2.3
2.74
2.69
2.64
2.6
2.55
2.51
2.48
2.45
2.42
2.4
2.38
2.36
2.34

FULLY

c
t2

y'

<feet>

3.21
3.19
3.17
3.16
3.13
3.12
3.10
3.08
3.06
3.05
3.03
3.82
3.00
2.93
2.86
2.80
2.74
2.69
2.64
2.60
2.55
2. 51
2.48
2.45
2.42
2.40
2.38
2.36
2.34

. 8492064

.8439154

. 8386245

. 8359789

. 8280425

. 8253968

.8201059

.8148149

. 8095238

. 8068783

.8015873

.7989418

. 7936508

.7751323

.7566138

. 7407408

. 7248678

.7116403

.6984128

. 6878307

. 6746032

.6640212

. 6560847

.6481482

.6402117

. 6349207

. 6296297

. 6243386

.6196476

PENETRPTING CONDITION

REGRESSION COEFFICIENT = -.9867073
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Summit National Site — MUI-15

TIME
v seconds ?

60
64.993
70.002
75
79.998
84.996
90
94.998
100.002
105
109.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960

WOTER LEVEL
< Teet >

1.88
1.85
1.82
1.79
1.76
1.74
1.71
1.69
1.66
1.64
1.62
1.6
1.57
1.47
1.37
1.29
1.22
1.13
1.05
.98
t92
.86
.ei
.76
.72
.68
.64
.61
.58
.47
.39
.32

DROUDOWN
< -f *»t >

1.88
1.35
1.82
1.79
1.76
1.74
1.71
1.69
1.66
1.64
1.62
1.60
1.57
1.47
1.37
1.29
1.22
1.13
1.05
0.9S
0.92
0.36
0.81
0.76
0.72
0.63
0.64
0.61
0.58
0.47
0.39
0.32

H-'H©

.5893417

. 5799373

. 570533

.5611285

.5517241

. 5454545

. 5360502

. 5297806

. 5203762

.5141066

. 507837

.5015675

.492163

.4608151

.4294671

. 4043887

.3824451

. 354232

. 3291536

.30721

.2884013

. 2695925

.2539185

. 2382445

. 2257054

.2131662

. 200627

. 1912226

. 1818182

. 1473354

. 1222571

. 1Q03135

UHCONFINED PQUIFER

K = 0. IE-03
2.3

= 0.4E-05
0.3 -ft/day

REGRESSION COEFFICIENT -.9965199



XAXIS:
TINE, nin

LOG(H/IN)

EXANINE PLOT,
STRIKE ANY KEY WHEN READY.

00 00 00
00

16,2 27,8 37,8 48,6

3
£
I
t-*
CD

no
3

i i i



Summit Nation*! Sit* — MUI-16

TIME
< seconds >

4.998
6
6.996
7.998
9
9.996
10.998
12
12.996
13.998
15
15.996
16.996
18
18.996
19.998
25.002
30
34.998
40.002

45
49.993
55.802
60
64.998
70.002
75
79.998
84.996
90
94.998
100.002

105
109.998
115.002
120
150
180
21 6
240
270
300

330
360
390
420
450
430
510
540
570
600
720

UfiTER LEUEL
< -feet >

4.63
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.62
4.61
4.61
4.61
4.61
4.61
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.61
4.62
4.62
4.62
4.61
4.61
4.61
4.6
4.6
4.6
4.6
4.6
4.59
4.59
4.59
4.58
4.58
4.58
4.58
4.58
4.57

DROUDOWN
< -feet >

4.63
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.62
4.61
4.61
4.61
4.61
4.61
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.62
4.61
4.62
4.62
4.62
4.61
4.61
4.61
4.60
4.60
4.60
4.60
4.60
4.59
4.59
4.59
4.58
4.58
4.58
4.56
4.58
4.57

H/HO

1
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
.9978401
. 9956803
. 9956803
. 9956803
. 9956803
. 9956803
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9978401
.9973401
.9978401
.9978401
. 9956803
.9978401
.9978401
.9978401
. 9956803
. 9956803
. 9956803
. 9935205
. 9935205
. 9935205
. 9935205
. 9935205
.9913608
.9913608
.9913606
. 9892003
. 9892008
. 9892008
. 9892008
. 9892003
.9870411



MW-16 ( c o n 1 t . )

840
960
1880
1200
1320
1440
1560
1680
1800
1920
2940
2160
2280
2400
2520
2640
2760
2880
3000
3120
3240

4.56
4.56
4.55
4.55
4.54
4.53
4.52
4.52
4.51
4.51
4.5
4.49
4.49
4.48
4.48
4.47
4.47
4.46
4.45
4.45
4.44

4.56
4.56
4.55
4.55
4.54
4.53
4.52
4.52
4.51
4.51
4.50
4.49
4.49
4.48
4.48
4.47
4.47
4.46
4.45
4.45
4.44

.9848812

.9848812

.9827214

.9827214

.9805616

.9784018

.9762419

.9762419

.9740821

.9740821

.9719222

. 9697624

. 9697624

. 9676026

. 9676026

. 9654427

. 9654427

. 9632829

.9611231

.9611231

. 9589632

CONFINED OQUIFER, FULLY PENETRPTING CONDITION

K » 0.6E-06 cm-"sec
« 0.0 gpd""ft2
- 0.2E-07 -ft/sec

0.0 -ft/day

REGRESSION COEFFICIENT = -.9939054
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XAXISl
TINE, nin

VflXIS:
LOG(H/IH)

EXAHINE PLOT,
STRIKE ANY KEY \>M REAR

3ri
H*

CM

5.4 1U 27,8 37.8 48.6



Summit Nation*! Sit* — MUI-17

TIME
c seconds >

30
34.998
40.002
45
49. 996
55.002
60
64.998
70.002
75
79.996:
84.996
90
94.998
100.002
105
109.998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
720
840
960
1080
1200
1320
1440
1560
1680
1800
1920
2040

UOTER LEUEL
< feet >

2.11
2.09
2.08
2.06
2.04
2.02
2
1.98
1.96
1.95
1.93
1.91
1.9
1.89
1.87
1.86
1.85
1.83
1.82
1.75
1.69
1.63
1.58
1.52
1.48
1.43
1.39
1.35
1.31
1.28
1.24
1.23
1.18
1. 15
1.12
1.02
.88
.76
.67
.59
.53
.47
.42
.37
.33
.29
.26

DRAWDOWN
< feet >

2.11
2.09
2.08
2.06
2.04
2.02
2.00
1.98
1.96
1.95
1.93
1.91
1.90
1.89
1.87
1.86
1.85
1.83
1.82
1.75
1.69
1.63
1.58
1.52
1.48
1.43
1.39
1.35
1.31
1.23
1.24
1.23
1.18
1.15
1.12
1.02
0.88
0.76
8.67
0.59
0.53
0.47
0.42
0.37
0.33
0.29
0.26

H'H0

. 9336282

. 9247787

. 9203539

.9115043

. 9026548

. 8938053

. 8849558

.8761062

. 8672566

.3628318

. 8539822

.8451327

. 8407079

.8362831

. 8274336

. 8230089

.8185841

. 8097345

. 8053097

. 7743363

. 7477876

. 721239

.6991151

. 6725664

. 6548673

. 6327433

.6150443

.5973451

.579646

.5663717

. 5486726

. 5442478

.5221239

. 5088495

. 4955752

.4513274

. 3893805

. 3362832

. 2964602

.2610619

.2345133

. 2079646

. 1858407

.1637168

. 1460177

. 1283136

. 1150442



MW-17 (con't.)

2160
2280
2400
2520
2640
2760
2380
3000
3120

3240
3360
3486
3600

.23

.2

.18

. 16

. 14

.12

. 11

. 1
9. 00000 IE-02

.07

.06

.06

.05

0.23
0.20
0.18
0.16
0.14
0.12
0.11
0.10

0.09
0.07
0.06
0.06
0.05

.1017699
8.849558E-02
7.964602E-02
7.079646E-02
.0619469
5.309734E-02
4.867257E-02
4.424779E-02

3.982301E-02
3.097345E-02
2.654867E-02
2.654867E-02
2.212389E-02

UNCONFINEB PQUIFER

= 0.6E-04 cm-'sec
1.2

- 0.2E-05
0.2

REGRESSION COEFFICIENT = -.9997093



1,8

,5 "

,1 ..

,85 •

'Ob.

°o
00

XAXIS:
TIKE, Hin

LOG(H/H8)

EXAHIHE PLOT.
STRIKE ANY KEV HHEH READV.

i.8 18.0 38,8 42.8 54.8

3
Ii-»
•si

no

< ( I I



T:~E: UP.TER LEVEL DROWDCWN H/HO
f e acor-:; •_ ' ( feet ) ( feet )

40.O02 .22 0.23 £375001
70. OO2 .23 0.29 . S041S66

O 1OO.002 .28 0.23 .5333324
12O. OO2 . 2£> 0. 2£L . 5 •H i £ £ t. £

C- -5O. •:•!.;• 2 . 24 0. 24 . 5
22O.OO2 .22 O.£2 .47512-7

O 'JNZONFINED flQUIFER

K = 0.GE-04 cm/sec
C~ = 1. 7 gpci/ f 12

= O.2E-OS f t /sec
0.2 f t /day

O
RE3RESSION COEFFICIENT = -.9422798

O

O

o
o
o
c
c
o
o
o
o
o



O o o o o o o o o o o o o o o o

1.9

,5

,1 -

.85 •

oooooo000o000000oo0 AXIS!
IIHE, Min

AXIS!
LOG (H/HB)

EXAMINE PLOT,
STRIKE ANY KEY UHEN READY,

I
k-»

03

0n

4.6 13.9 23.1 32.3 41.6

ILISI 2RIINt 3LOA1" 4SAVE" 5CONlf 6,"LPT1 7IRON*- SIROFFf 9KEY 8SCREEN



-.-it Mat :c.'.t-.: S i t e — MW-13

r
r
r-

r

o
r
r
o
r
r
rV-j.
O

O

o
o
o

Tlr.=.
< seconds)

T

2. 336
". 99ci
S
6. 336
7. 338
3
3. 336
10. 338
12
1£. 396
13. 998
15
15. 996
16. 998
18
18. 996
19. 998
£5. O0£
3O
34. 338
4O. 00£
45
43. 398
55. O0£
60
64. 338
7O. OO£
75
73. 338
34. 536
9O
34. 338
1OO. O0£
1 05
109. 998
115. OO£
1£0

UN CONFINED

K = O. 6E-O3
— 13.3
= O. £E-O4

1.8

WflTER LEVEL
< feet )

3. 16
2. 88
2. 75
2. 6£
2. 5
2. 38
£. £6
2. 16
£. 06
1.97
1. 88
1.79
1. 71
1. 64
1. 57
1. 51
1. 46
1. 41
1. £1
1 . 08
. 38
. 9
. 33
. 77
. 71
. 66
. 61
. 57
. 53
. 5
. 47
.-45
. 43
. 4
. 33
. 37
. 36
. 34

flQUIFER

crn/sec
gpd/ft£
ft /sec
ft/day

DRAWDOWN
(feet)

3. 16
£. 88
— i -/ Cf
U. * / \_J

£. 6£
£. SO
£. 38
£. £6
2. 16
£. 06
1. 97
1.88
1.79
1. 71
1. 64
1. 57
1. 51
1.46
1.41
1. £1
1 . 08
0. 96
0. 90
0. 83
0. 77
O. 71
0. 66
0.61
0. 57
O. 53
O. 50
O. 47
0. 45
0. 43
0. 40
0. 39
0.37
0.36
0. 34

H/HO

1
. 31 12324

. 8231 123

. 731 1232

. 7531646

. 7151839

. 6835443

. 651 8387

. 6234 1 77

. 5343368

.5664557

. 541 1333

. 5183873

. 4968355

. 4778481

. 46£O£53

. 446£O£5

. 38231 14

. 34 1 7722'

. 3 1 0 1 2 6 G

.£843101

. £6263S£

. £436709

. £246826

. £O83&08

. 133028

. 18O3738

. 16772 15

. 1582279

. 1487342

. 1424051

. 1360753

. 1 £65823

. 1 £34 177

. 117O886

. 1139£41

. 1075949

O REGRESSION COEFFICIENT = -.9713761



MW-19 (con't.)

r
= •.. - - - n i t National Site — MW-19

('

n

r
r
o
* '•
c
c
c
c
c
c
o
o
c
o
o
c
(.'5

"^ T V ~

(seconds)

19. 998
25. OO2

34.998
4O. 002
45
49. 998
55. O02
SO
54. 998
70. 002
75
79. 998
34.996
90
34. 998
10O. OO2
105
109.998
115. 002
12O

UNCDNFINED

K = O. 5E-O3
9. 8

= O. 2E-04
1.3

REGRESSION

WATER LEVEL
(feet)

1. 41
1.21
1 . 08
.98
. 9
. 83
. 77
. 71
. 66
. 61
.57
.53
. 5
. 47
. 45
.43
. 4
.39
. 37
.36
. 34

ftQUIFER

cm/ sec
gpd/ft2
ft /sec
ft/day

COEFFICIENT =

DRAWDOWN
(feet)

1. 41
1. 21
1 . 08
0. 98
0. 90
0. 83
O. 77
0. 71
O. 66
0. 61
0.57
0. 53
O. 50
0. 47
0. 45
0. 43
0. 40
0.39
0. 37
O. 36
O. 34

-. 9887367

H/HO

. 4462025

. 38291 14

. 3417722

. 3101266

.2848101

. 2626582

. 2436709

. 2246836

. 20886O8

. 193038

. 18O3798

. 1677215

. 1582279

. 1487342

. 1424051

. 136O759

. 1265823

. 1234177

. 117O886

. 1139241

. 1075949



r ..! . { I. t. r ( L _.. L. . . JL_ ' . ...L.... .1... .-<.

1.6 4.8 8,0 11,2 14.4

S( AXIS!
IIHE, Hin

V AXIS!
LOG (H/HO)

O O O

EXAHINE PLOT,
STRIKE M m UHEN READY,

i-̂»
0)

no

1LIST 2RIIN* 3LOAD* 4SAVE" 5CONIf (,"LPT1 ?IF,ONf STROFFf 9KEV QSCREEN



£_,.*!MIT NOTIONAL SITE — MW-20

- - ME
- seconds)

40. 00£
45
49. 998
55. 00 £
60
64. 998
70. 002
75
79. 998
84. 996
9O
94. 998
100. OO£
105
109.998
115.00£
1£O
15O
180
£10
£40
£70
300
330
360
390
4£0
45O
480
510
540
570
600
7£0
84O
96O
1O8O
1 £00
13£0
144O
156O
1680
180O
19£0
£040
£16O
££80
£4OO

WflTER LEVEL
(feet)

4. 4
4.4
4.4
4.39
4.39
4.39
4.39
4.39
4. 39
4.39
4.39
4. 39
4. 39
4.38
4.38
4.38
4.38
4.38
4.37
4.36
4.36
4.36
4.35
4.35
4.34
4.34
4.33
4. 33
4.33
4.3£
4.3£
4.31
4.31
4. £9
4. £8
4. £6
4. £5
4. £3
4.££
4.£1
4. 19
4. 18
4. 17
4. 15
4. 14
4. 13
4. 11
4. 1

DRftWDOWN
(feet)

4. 40
4. 40
4. 40
4.39
4. 39
4.39
4.39
4.39
4.39
4.39
4.39
4.39
4.39
4.38
4.38
4.38
4.38
4.38
4.37
4.36
4.36
4.36
4.35
4.35
4.34
4.34
4. 33
4.33
4.33
4. 3£
4.3£
4.31
4.31
4. £9
4. £8
4. £6
4. £5
4. £3
4. ££
4.£1
4. 19
4. 18
4. 17
4. 15
4. 14
4. 13
4. 11
4. 10

H / HO

1
1
1
. 9977£7£
.9977£7£
. 9977£7£
.9977£7£
. 9977£7£
.9977£7£
. 9977£7£
. 9977£7£
. 9977S7£
. 9977£7£
. 9954546
. 9954546
. 9954546
. 9954546
. 9954546
.9931818
. 99O9091
.99O9091
. 99O9O91
. 9886363
. 9886363
. 9863637
. 9863637
. 9840909
. 984O909
. 9840909
.981818£
.981818£
. 9795455
. 9795455
.975
. 97£7£74
. 9681819
. 9659091
.9613637
. 9590909
.956818£
. 95££7£7
. 9499999
. 9477£7£
.9431818
. 940909
. 9386364
. 9340909
.931818£



4. 09
4. OS
4.07
4. 05
4. 04
4. O3
4. O£
4
3.99
3. 98
3. 97
3.96
3. 95
3. 94

4. 09
4. 08
4.07
4.05
4. 04
4. O3
4. O£
4. 00
3.99
3. 98
3.97
3.96
3. 95
3. 94

.9295455

. 9272727

.9250001

. 92O4546

. 9181818

. 9159O92

. 9136364

. 9090909

. 9068181

. 9045455

. 9022728

. 9

. 8977273

. 8954545

25cO
£640
£760
£SSO
3000
3 1 £0
3240
3360
3480
3600
3720
3840
3960
4O80

CONFINED flDUIFER, FULLY PENETRATING CONDITION

-1- = 0. 9S-05 cm/sec
= 0. £ gpd/ft£
= 0.3E-06 ft/sec
= 0. 0 ft/day

MUI-20 (con' t. )

DEGRESSION COEFFICIENT -.9981674
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SITE - MW_S1

TIME
(seconds)

30
34. 998
4O. 00£
45
49.998
55. 00£
60
64. gga
70. Q0£
75
79. 998
84. 996
90
94. gga
1OO. 00£
1O5
109.998
115. 00£
1£0
150
180
210
£40
£70
3OO
330
360
39O
4£0
450
480
510
540
570
6OO
7£0
840
960
1080
isoo
13£0
1 440
1560
1680
1800
19£0
£O40
£160

WflTER LEVEL
(feet)

— — _
3.61
3.61
3.61
3.61
3. 61
3.61
3.61
3.61
3.61
3. 61
3.61
3.61
3.61
3.61
3. 61
3.61
3.61
3.61
3. 61
3.61
3. 61
3.61
3. 61
3.61
3.61
3.61
3. 61
3. 61
3.61
3. 61
3.61
3. 61
3. 61
3. 61
3. 61
3. 61
3. 61
3.61
3. 61
3. 61
3.61
3.61
3.61
3. 61
3.61
3. 61
3. 61
3.61

DRflWDOWN
(feet)

~ ~~ •"• — — — i _

3. 61
3.61
3.61
3. 61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3. 61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61 ;
3.61 3
3. 61 i
3.61 i
3. 61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3.61 i
3. 61 i
3.61 i
3.61 i
3.61 i

H/HO



J
££80
£40O
25SO
£640
£76O
£880
300O
3120
3£40
3360
3480

3.61
3.61
3.61
3.6
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61

0.2E-O7 cm/sec
0.0 gpd/ft£

0.5E-09 ft/sec
0.0 ft/day

REGRESSION COEFFICIENT

(con't. )

3.61
3.61
3.61
3. 60
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61

1
1
1
. 99723
1
1
1
1
1
1
1
1

1
L

PENETRflTING CONDITION

-.1880114
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C
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C
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S_'MMIT NftTIONfiL SITE — MW-22

~:XE
'> •= scones)

9.996 '
1C. 998
12
12. 996
13. 998
15
15. 996
16.998
18
18. 996
19. 998
25. 002
30
34. 998
40. 002
45
49. 998
55. O0£
60
64. 998
70. 002
75
79.998
84.996
90
94. 998
1OO. 002
105
109. 998
115.002
120
150
180
210
240
270
300
330
360
390
420
450
480
510
54O
570
6OO
720

WflTSR LEVEL
(feet)

3.66
3. 66
3. 66
3. 66
3. 67
3. 67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.66
3. 66
3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.66
3. 66
3.66
3. 66
3.66
3. 66
3.66
3. 66
3.66
3.66
3.66
3.65
3.65
3.65
3.65
3.65
3.65
3.65
3.65
3.65
3.65
3.65
3.64
3.64

DRPIWDOUN
(feet)

3.66
3. 66
3. 66
3. 66
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3. 66
3.66
3.66
3.66
3.66
3. 66
3. 66
3. 66
3. 66
3.66
3. 66
3.66
3.66
3.66
3.66
3. 66
3. 66
3. 66
3. 66
3.66
3. 65
3.65
3. 65
3.65
3.65
3.65
3.65
3.65
3. 65
3. 65
3. 65
3. 64
3. 64

H/HO

. 9972752

. 9972752

. 9972752

. 9972752
1
•4
J.

4
A

1
1
1
1
1
1
1
1
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9972752
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
. 9945504
.9918256
. 9918256



840
960
1080
1 £00
13£0
1440
1560
1680
1800
19£0
£040
£160
££8O
£40O
£5£0
£640
£760

3. 64
3. 63
3. 63
3.63
3. 6£
3. 61
3. 6
3. 6
3. 6
3.59
3. 59
3. 59
3.58
3. 58
3. 57
3. 57
3. 56

3. 64
3. 63
3.63
3. 63
3. 6£
3. 61
3.60
3.60
3. 60
3. 59
3.59
3.59
3.58
3.58
3. 57
3. 57
3. 56

. 9318£56

. 9891O09

. 9891O09

. 9891O09

. 9863759

. 9836512

. 9809£64

. 9809264

. 98O9264

. 9782O16

. 978£O16

. 9782016

. 9754769

. 9754769

.9727521

.9727521

. 9700272

MW-££ ( c o n ' t . )

CONFINED f lQUIFER, FULLY PENETRATING C O N D I T I O N

0.3E-05 cm/sec
0. 1 gpd/ f tS

0.IE-06 ft/sec
0.O f t /day

REGRESSION COEFFICIENT » -.9914401



OOOOOOOOOOOOOOOOOO

,5 " X AXIS:TIME, nin

.1 ..

,85 •

.81
4.6 13.8 23,0 32.2 41.4

¥ AXIS:
LOG (H/H0)

EXANINE PLOT.
STRIKE ANY KEY WHEN READY,

iroro

no



SUMMIT NOTIONAL SITE — MW-23

-;rE
; seconds)

6.996
7. 998
9
9.996
10. 998
12
12.996
13.998
15
15.996
16. 998
18
18.996
19.998
25. 002
3O
34.998
4O. O02
45
49. 998
55. 002
60
64.998
70. 002
75
79. 998
84.996
90
94.996
100. OO2
1O5
1O9. 998
115. OO2
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540

UlftTER LEVEL
(feet)

3. 65
3. 65
3. 64
3.64
3. 64
3.64
3.64
3.64
3. 64
3.64
3. 64
3. 64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3. 64
3.64
3. 63
3.64
3.64
3.64
3.63
3.63
3. 63
3. 64
^ • O*̂ >

3. 63
3. 63
3. 63
3. 63
3.62
3. 62
3. 62
3.61
3.6
3. 6
3. 59
3.59
3.59
3. 58
3. 6
3. 58
3.58
3. 57

DRfiWDOWN
(feet)

3.65
3.65
3.64
3.64
3. 64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3. 63
3.64
3.64
3. 64
3.63
3. 63
3. 63
3.64
3. 63
3. 63
3.63
3. 63
3.63
3.62
3.62
3.62
3.61
3.60
3.60
3.59
3.59
3.59
3.58
3.60
3. 58
3.58
3.57

H/HO

1
1
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9972603
. 9.945207
. 9972603
. 9972603
. 9972603
. 9945207
. 9945207
. 99452O7
. 9972603
. 9945207
. 9345207
. 9945207
. 9945207
. 9945207
. 9917808
. 9917808
.9917808
. 989O411
.9863014
. 9863014
. 9835616
.9835616
. 9835616
.9808219
. 9663014
. 98O8219
.9808219
. 9780822



MW-23 (con't.)

570
£OO
720
640
960
1O8O
1£00
1320
1440
1560
1680
1 80O
19£0
£O40
£160
£280
£400
£5£0
£640
£760
2880

3.57
3.56
3. 53
3. 5£
3. 5
3.48
3.46
3.45
3. 43
3.41
3.39
3. 37
3.36
3.34
3.33
3. 33
3.3
3. £7
3. £6
3. £4
3.22

3.57
3.56
3.53
3. 52
3. 50
3.48
3.46
3.45
3.43
3.41
3.39
3. 37
3. 36
3.34
3.33
3.33
3. 30
3. £7
3. £6
3. £4
3.22

. 97SOtJec:

. 9753425

.9671£3£

. 9643836

. 9589041

. 9534247

. 9479452

. 9452055

.9397£61

. 934£466

.9£87671

. 9232876

. 9205479

.9150684

.91 £3288

.91£3£S8

.9041096

. 89589O4

.8931507

.887671£

.8821918

I3NFIMED ftQUIFER, FULLY PENETRfiTING CONDITION

K = 0. IE-04 crn/sec
= 0.3 gpd/ft£
= 0.4E-06 ft/sec

0.0 ft/day

DEGRESSION COEFFICIENT = -.9989186

1
1
1
1

1
1
1
I
1
1
1
1
1
1
1
1
1
1
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0
0

nOJ
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1

QOQOOQOQOOQQQQOOoOQi



J
'*1IT NftTIONHL

-E Wi
scorics)

6
6.996
7. 998
9
5. 996
10.998
12
12.996
13.998
15
15.996
16.998
18
18.996
19.998
25. 002
3O
34. 998
40.OO2
45
49. 998
55. 002
60
64.998
7O. 002
75
79.998
84. 996
90
94. 998
1OO. OO2
1O5
109. 998
115. OO2
120
150
180
£10
£40
£70
300
330
360
390
420
450
480
510

O 1 1 t — - ... .

PITER LEVEL
(feet)

3.67
3.67
3.67
3.67
3.67
3. 67
3.67
3 a~7• Or

3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3.67
3 Cf• or
3.67
3.67
3.67
3.66
3.66
3.66
3. 66
3. 66
3.66
"? ASO. Ow
3.65
i fif.O. DhJ

3. 65
•? c."f.w. OJ

3.65
3. 65
3.65
3.64
3.63
3.62
3.61
3.61
3.6
3.59
3.58
3.58
3.57
3.56
3. 55
3.54

DRRWDOWN H/HO
(feet)

3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3. 67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3.67 1
3. 67 1
3.67 1
3.67 1
3.67 1
3. 66 . 9972752
3. 66 . 9972752
3. 66 . 9972752
3.66 .9972752
3. 66 . 9972752
3. 66 . 9972752
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3. 65 . 9945504
3.64 .9918256
3.63 .9891009
3. 62 . 9863759
3.61 .9836512
3.61 .9836512
3. 60 . 9809264
3.59 .9782016
3. 58 . 9754769
3. 58 . 9754769
3. 57 . 9727521
3. 56 . 97O0272
3. 55 . 9673024
3. 54 . 9645777



i r i ( i i i i i i ( i i

1,0

,5 "

,1 -

fOOQQ

x AXIS:
TINE, nin

y AXIS:
LOG (H/H0)

,05 .
EXAHINE PLOT,
STRIKE ANY KEY WHEN READY,

,01
5,4 16,2 27.0 37,8

3s:iro

nn



SUMMIT NftTIONftL SITE — MW-25

~:ME
•> seconds)

18
18.996
19.998
£5. 002
30
34. 998
4O. 002
45
49. 998
55. 002
60
64. 998
70. OO2
75
79. 998
84. 996
90
94. 998
1 OO.OO2
105
109.998
115.002
120
ISO
ISO
£10
£40
£70
300
330
360
390
420
450
480
510
540
570
6OO
720
840
960
1080
1200
1320
144O
156O
1680

WftTER LEVEL
(feet)

3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3. 6
3.6
3.6
3.6
3.59
3.59
3.6
3.6
3.6
3.6
3.59
3.6
3.59
3.59
3. 59
3.59
3. 58
3.58
3. 58
3.58
3.58
3.58
3. 57
3.57
3.57
3.57
3.57
3.58
3.58
3.55
3.56
3.55
3.54
3.54
3.55
3.55

DRAWDOWN
(feet)

3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.59
3.59
3.60
3.60
3.60
3. 6O
3.59
3.60
3.59
3.59
3.59
3.59
3. 58
3. 58
3. 58
3. 58
3.58
3. 58
3.57
3.57
3.57
3.57
3.57
3. SB
3.58
3.55
3.56
3.55
3. 54
3.54
3.55
3.55

H/HO

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
. 9972222
. 9972222
1
1
1
1
. 9972222
1
. 9972222
. 997£££2
. 997£2£2
. 9972222
. 9944444
. 9944444
. 9944444
. 9944444
. 9944444
. 9944444
.9916666
.9916666
.9916666
. 9916666
.9916666
. 9944444
. 9944444
.9861111
. 9888889
.9861111
. 9833333
. 9833333
. 9861111
.9861111



MW-£5 <cor,' t
1800
19£0
£040
£160
££8O
£400
£5£0
£640
£760
£880
30 OO
31£0
3£40

3. 54
3.53
3. 53
3. 53
3. 5£
3. 5£
3. 5£
3. 51
3. 51
3.51
3. 5
3.5
3. 5

3.54
3.53
3. 53
3.53
3. 5£
3. 5£
3. 5£
3.51
3.51
3.51
3.50
3.50
3. 50

.9833333

.98O5555

.98O5555

.9805555

.9777778

.9777778

.9777778

.975

. 975

. 975

.97£££££

.97£££££

.97£££££

CONFINED RQUIFER, NEftRLY FULL PENETRATION WITH EQUATION FOR FULL PENETRATION
D

K = 0.5E-05 cm/sec
= 0.1 gpd/ft£
= 0.IE-06 ft/sec
« 0.0 ft/day

REGRESSION COEFFICIENT -.9827466



1.0 >OOOQOOOQOOOOOOOOQOQOOO

,5

.1 ..

x AXIS:
TINE, nin

VAXIS:
LOG (H/HB)

.95 •
EXAHINE PLOT.
STRIKE ANY KEY UHEN READY.

.01
5.4 16.2 27.8 37.8.6

3s:iroen

no



SUMMIT NftTIONftL SITE — MW-26

~ :"*£
( seconds )

6.996
7. 998
9
9. 996
10. 998
12
1£. 996
13.998
15
15. 996
16. 998
18
18.996
19. 998
£5. 002
30
34. 998
40. O0£
45
49. 998
55. 00£
60
64.998
70. OO2
75
79. 998-
84. 996
90
94. 998
100. OO£
1 05
109. 998
115. O0£
ISO
150
ISO
£1O
£40
£70
3OO
330
360
390
4£O
450
480
510
540

WATER LEVEL
(feet)

3. 41
3. 35
3. 36
3. 38
3. 36
3. 37
3.37
3.37
3.33
3. 33
3.35
3. 32
3. 3
3.29
3. £1
3. 14
3.08
3. Ol
£.95
£.89
£.83
£.77
£. 7£
2. 66
£. 61
£. 56
£. 51
£.46
£. 41
£.36
£. 31
£. £7
£.£3
£. 18
1.94
1. 74
1. 56
1.4
1.27
1. 15
1.O5
. 96
.87
.8
. 74
. 69
. 65
. 61

DRAWDOWN
(feet)

3. 41
3. 35
3. 36
3.38
3. 36
3. 37
3.37
3.37
3. 33
3.33
3. 35
3. 3£
3.30
3. £9
3. £1
3. 14
3. 08
3. Ol
2. 95
2.89
2. 83
£. 77
£.72
£.66
£.61
£.56
£.51
£.46
£. 41
£.36
£. 31
£. £7
£. £3
£. 18
1.94
1.74
1.56
1.40
1.27
1. 15
1.05
0.96
0.87
0.80
0.74
0.69
0.65
0.61

H/HO

1
. 9824046
. 985337£
. 991£0£4
. 9853372
. 988E697
. 9882697
. 988£697
. 9765396
. 9765396
. 9824046
. 9736069
. 9677419
. 9648094
.941349
.9208211
. 903££58
. 8826979
.8651026
. 8475073
.829912
.8123166
. 797654
. 78O0586
. 7653959
. 75O7331
. 7360704
. 7214O76
. 7067449
. 69£08£1
.6774193
. 6656892
. 653959
. 6392962
.568915
.5102639
. 457478
.410557£
. 372434
. 3372434
.3079179
.2815249
.255132
.2346041
.2170O88
. 202346
. 1906158
. 1788856



570 .58 0.58 . 170O88 MW~E'6 <con't.)
SCO .55 0.55 .1612903

CONFINED ODU1FER, FULLY PENETRftTINB CONDITION

K = 0. £E-O3 crn/sec
= 4.5 gpd/ft£
= O.7E-O5 ft/sec
= 0.6 ft/day

REGRESSION COEFFICIENT = -.9959606



( 1 ( 1 1 ( 1 ( 1 ( 1 1 ( 1 1

.1 ..
,85 •

.01
7.0 21.0 35.0 49.8 63.0

X AXIS!
TINE, nin

¥ AXIS!
LOG (H/H8)

EXAHINE PLOT,
STRIKE m KEY UHEN READY,
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LE6ENO

A HONfTOmNG WELL

KMB.2I HYDRAULIC HEAD (FT.)

/̂ EOWPOTENTIAL LINE , DASHED WHERE TENTATIVE
( CONTOUR INTERVAL « K FT. }

^-^ FLOW LIME

MOTC AM <

•OiMCC.

SCALE* FEET
APPROXIMATE

FIGURE 4-
PlEZOMETRIC SURFACE ON THE
UPPER SHARON AQUIFER
•UMMT NATIONAL HI



CALCULATION OF 6ROUNDHATER FLOW QUANTITIES IN WATER-TABLE AQUIFER
SUMMIT NATIONAL SITE DBT

27-Feb-B7

S = KIA = K (dh/hl) x w x b
v = Kl/n

Q = total flow
dh = change in head
M = width of flow cell
I = dh/dl

q = flow in single cell
dl = flow length
I) = aquifer thickness
n = porosity

K = hydraulic conductivity (assuied fro* typical values for these aaterials)
CALCUftLTION FOR HIBH-ENO HYDRAULIC CONDUCTIVITY
Using K(fill) = 3E-3 c»/sec. (HH-3 - wxiaui valid slug test for fill!

MtilU = 2E-3 ci/sec (HN-7 - *axi«ua valid slug test for till)
K(rock) = IE-5 froa HH-2, closest bedrock well to area used for calculation.

Perforiing calculations between 1084 and 1086 water-table contour lines

Calculated
CELL

A
B
C
D
E
F
8
H
I
iu

K(till)
K(rock)
Litill)
L(rock)

val:
w
(ft! i

150
135
70
45
80
80
120
75
85
125
100
100
110
110

dl
Ift) i

25
30
50
90
65
50
70
60
20
25
35
35
50
50

b
[ft)

23
24
21
22
22
22
14
10
10
15
8
12
13
12

1

0.

0.
0.

0.
0.

0.
0.

t
= 2/dl

0.08
066666
0.04

022222
030769
0.04

028571
033333

0.1
0.08

057142
057142
0.04
0.04

K
(ci/sec)

3E-03
3E-03
3E-03
3E-03
3E-03
3E-03
3E-03
3E-03
3E-03
3E-03
2E-03
IE-05
2E-03
IE-05

K
<gpd/ft2>

64
64
64
64
64
64
64
64
64
64
42
0.2
42
0.2

TDTAL FLOH

K
(ft/d)

9
9
9
9
9
9
9
9
9
9
6

0.03
6

0.03

(gpd)
(gpa)

*
q

(gpd)

17542
13729
3737
1398
3442
4475
3051
1589
5403
9534
1937
15

2424
11

68,286
47

n
i

40X
401
40S
402
40X
401
40?;
40?.
401
407.
3031
20?:
307.
20Z

*
V

ft/d)

1.71
1.43
O.S6
0.48
0.66
0.36
0.61
0.71
2.14
1.71
1.09
0.01
0.76
0.01

AVERAGE FLOW RATE 0.93



CALCULATION FOR LOH-END HYDRAULIC CONDUCTIVITY

Using K(fiil) = IE-4 ca/sec. (HH-15 - ainiaui valid sing test tor fill)
K(till) = 6E-5 en/sec (MI-17 - sinimia valid slug test for tiiii
K(rocU - IE-5 tro» NH-2, closest bedrock well to area used tar calculation.

Perforiing calculations between 1084 and 1096 water-table contour lines

Calculated
CELL

A
6
C
D
E
F
6
H
I
3

K(till)
Kirockt
L(till)
Lfrockt

val:
H dl
(ft) (ft)

150
135
70
45
80
80
120
75
85
125
100
100
110
110

25
30
50
90
65
50
70
60
20
25
35
35
50
50

b
(ft)

23
2*
21
22
22
22
14
10
10
15
B
12
13
12

I

0.

0.
0.

0.
0.

0.
0.

t
= 2/dl

0.08
066666
0.04

022222
030769
0.04

02B571
033333

0.1
0.08

057142
057142
0.04
0.04

K K
(ci/sec) (gpd/ft2)

IE-04
IE-04
IE-04
IE-04
IE-04
IE-04
IE-04
IE-04
IE-04
IE-04
6E-05
IE-05 '
6E-05
IE-05

TOTAL

nt.
2
1i

2
ni
2
2
2
2
2
1

0.2
1

0.2

FLOH

K
(ft/d)

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.03
0.2
0.03

(gpd)
(gpi)

*
q

igpd)

585
458
125
47
115
149
102
53
180
3*B
58
15
73
11

=========

2,287
2

t
n v

(ft/d)

40X
401
40'
40!:
401
401
40J
401
402
m
3051
20Z
301
20X

==

0.06
0.05
0.03
0.02
0.02
0.03
0.02
0.02
0.07
0.06
0.02
0.00
0.02
0.00

=======

AVERAGE FLOW RATE 0.03
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tof

(•Mvdation cotfficinti an* adjyftld tim lor praviou concentration*:
40* poroiity, 1> orjMic carton, Mntity of 100 Ib/ft3 (2 |/oU)

i Practical fttptct* of bVountaittr Modeling, U.C. Milton, 19»4.
llandhooli of Em. DaU on Orgnic Omicali, 2nd id, K. Virtchumn, 1963.

(Kox not available for ill cocpminlt)
Md * 0.3E-I i f i KM <di«tribution cotfficiant •!/)>
f * oroanlc caroon cunt ml
Hod • octanol-Mttr partitioning cotfficiant
M > 1 tlpi/ii i Ml (retardation factor, diwntionliss)
p • dry talk draity
ft • porotlty

KM Kd M
(•olar)

net ny lew cftloride
1, 1-Bidiloroitnan
1,2-fiickloroethaM
2-fcitaMnt
1,1,1-Tricftlorattliant
TrichloratlMM
lolyene
EtkylbnuM
HMml
iMptaront
2,4-ftieetliylpbenol
taeMhalM

M2
61.7
30.2

-0.059
141
195
490

115
26.6
0.23
2.5

34.4

0.06
0.39
0.19

-0,00
0.93
1.23
3.09
0.02
0.16

0.001
0.02
0.22

1.3
2.9
2.0
1.0
5.7
7.1

16.4
1.1
1.9
1.0
1.1
2.1

Klf<2-*thylhtiyIlaMnalate 540000000 3.40E*tt 1.70EHI7

n •
V •

D*

20 ft
0.4
0.03 ft/day
60 ft IHalton, 19641
10 ft (Milton, 1964)
10 ft Utilton, 1914)

at 0

»• • 1.1 ft2/d
«y - 0.3 ft2/d
Ol • 0.3 ft2/d

DOMAICO and Dobbins, 19B5
Gilhu, 1962

o

o

Source dlMMioni I • 110 ft
V • 440 ft
J -20 ft

for location i-lOO, y-0, i-O
tim * 10 yHn

OMIM1MMT

NKkyltw oiloridt

W Uy' Oj- A «rfc(«) trfltl n-fld erf III) erf It)

1.2557* 0.023U9U l.43ii?20« 2.39E-01 0.236H953 0.0»BSu393 0.69 3. 4 7*51)542 U.IUI1JU6 0.17 -0.1561136

C
ppb

-0.17 24,OOU 1,616
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SUM!I NATIONAL SITE TRANSPORT CM.CS FOR HATER-TABLE AQUIFER. HUH VELOCITY

v 0.9
tiie* 36500

K

CONTAHINANT

Net hy lent Chloride
1,1-Dichloroethine
l.2-Dichloroetha»e
2-Batanone
1,1,1-Trichloroethane
Trichloroethene
Toluene
Ethyl Beniene
Phenol
Isophorone
2,4-tnethylphenol
Naphthalene

1450

Rd

1.25578
2.94355
1.9513

0.998141
5.662

7.1425
16.435

1.099225
1.9072

1.007245
1.07875
2.0836

BisQ-ethylhexyllphthalat 17010001

<t/diy
days
(eet

v' Ox*

0.7166860 43.00116
0.3057532 18.34519

Dy'

7.166860
3.057532

0.4612309 27.67385 4.612309
0.9016757 54.10054
0.1589544 9.537265
0.1260063 7.560378
0.0547611 3.285670
0.8187586 49.12552
0.4718959 28.31375
0.8935264 53.61158
0.8342989 50.05793
0.4319447 25.91668
0.0000000 0.000003

9.016757
1.589544
1.260063
0.547611
8.187586
4.718959
8.935264
8.342989
4.319447
0.000000

Dz' A

7.166860 -9.86141
3.057532 -5.93309
4.612309 -7.65392
9.016757 -11.1943
1.589544 -3.68794
1.260063 -2.99747
0.547611 -0.79234
8.187586 -10.6174
4.718959 -7.75840
8.935264 -11.1389
B.342989 -10.7278
4.319447 -7.35961
0.000000 2129.836

ffUIA) 8

2 0.913500
2 0.913500
2 0.913500
2 0.913500
2 0.913500

1.9999 0.913500
1.7421 0.913500

2 0.913500
2 0.913500
2 0.913500
2 0.913500
2 0.913500
0 0.913500

er(IB) C

0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350
0.7969 -0.91350

trfIC) D

-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522

««»> E

0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152
.0564 -0.04152
.0564 -0.04152
.0564 -0.04152
.0564 -0.04152
.0564-0.04152
.0564 -0.04152

0.0564 -0.04152

er(IE)

-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564

Co
ipb

24,000
12,000

115,000
650,000
53,000
18,000
27,000
11,000
7,000

26,000
140
620

7,250

C
pp.
1,079

539
5,169

29,214
2,382

809
1,057

494
315

1,169
6

28
0

f \ C



NATIONAL SITE

Project: Sunit National Site
Contaunant-Transport Calculations for Hater-Table Aquifer

By: DBT Date: 10-Dec-87

SEE TRANSPORT CALCULATIONS OF 2/26/87 FOR TERNS, EOUATIONS AND REFERENCES

TRANSPORT CALCS FOR NATER-TABLE ABUIFER. HISH VELOCITY

HIGH-VELOCITY CASE
v=

tl«=
Is

CONTANINANT

Hethylene Chloride
1,1-Dichloroethane
1,2-Bichloroethane
2-Butanone
1,1,1-TricklnrMthine
Trickloroetheae
Toluene
Etkyl Beizene
Ptienol
Isopkgrone
2,4-DiMthylphenol
Naphthalene

0.9 f t /day
3650 days
1450 feet

Rd «' Di'

1.25578 0.7166860 43.00116
2.94355 0.3457532 18.34519
1.9513 0.4612309 27.67385

0.718141 0.9016757 54.14454
5.6420.1589544 9.537245

7.14250.12*4043 7.540378
16.433 4.4547*11 3.215*70

1.099225 4.118798* 49.12352
1.9472 0.4718959 28.31375

1.047245 O.B935244 S3.il 151
1.07B7S 0.8342989 50.05793
2.0134 4.4319447 25.91448

Bis(2-ethylhexyl!|ihthaUtl74l404l 4.4400440 4.404443

»=
tue*

»=

CONIAN1KMT

Nethylene Chloride
1,1-tichloroethane
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Trichloroethene
Toluene
Ethyl Benzene
Phenol
Isophorone
2,4-Duethylphenol
Naphthalene

0.9 ft/day
18250 days

1450 feet

Rd v' Di'

1.25578 0.7166840 43.00114
2.94355 0.3057532 18.34519
1.9513 0.4412309 27.47385

0.998141 0.9014757 54.10054
5.662 0.1589544 9.537265

7.1425 0.1260063 7.560378
16.435 0.0547611 3.2B5670

1.099225 0.8187586 49.12552
1.9072 0.4718959 28.31375

1.007245 0.8935244 53.41158
1.07875 0.8342989 50.05793
2.0834 0.4319447 25.91448

6i5(2-elhylhexyl>phthalati70H>001 O.OOOOGOO 0.000003

Dy'

7.144840
3.057532
.412309
.014757
.589544
.240463
.547611
.II73M
.718959
.935244
.342919
.319447
.444000

Dy'

7.144840
3.057532
4.412309
9.016757
1.589544
1.260063
0.547611
8. 187586
4.718959
8.935264
8.342989
4.319447
0.000000

or A

7.164840 -1.47145
.057532 0.445371
.612349 -0.34733
.016757 -2.47159
.589544 2.330983
.244443 2.980031
.547411 5.707735
.187584 -1.81659
.718959 -0.42374
.935244 -2.04739
.342989 -1.84594
.319447 -0.20580
.400040 4735.142

Dz' A

7.146860 -6.54387
3.D57532 -3.54884
4.612309 - .90205
9.016757 - .55475
1.589544 - .73887
1.260043 - .14343
0.547611 0 920080
8.187586 - .12479
4.718959 - .98173
fl. 935264 -7.50993
B. 342989 -7.20649
4.319447 -4.67694
0.000000 3012.045

erfclA) B

1.964 0.913500
0.3579 0.913500
1.3794 0.913504
1.997 0.913540

0.04114 4.913504
0.044022 0.913540

4 4.913544
.9891 4.913544
.4284 4.913540
.9953 4.913500
.9928 0.913500
.2227 0.913500

0 0.913500

erfclA) B

2 0.913500
2 0.913504
2 0.913500
2 0.913504

1.9838 0.913500
1.8802 0.913500
0.2021 0.913500

2 0.913500
2 0.913500
2 0.913500
2 0.913500
2 0.913500
0 0.913500

erf IB)

.7949

.7949

.7949

.7969

.7949

.7969

.7969

.7969

.7969

.7949

.7949

.7969

.7949

erf IB)

0.7949
0.7949
0.7949
0.7969
0.7949
0.7949
0.7969
0.7969
0.7969
0.7969
0.7969
0.7969
0.7969

C

-4.913S4
-0.91354
-4.91354
-0.91350
-4.91354
-0.91350
-4.91354
-0.91350
-0.91350
-0.91350
-0.91350
-0.91350
-0.91350

C

-0.91350
-0.91354
-4.91350
-0.91354
-0.91350
-0.91350
-0.91350
-4.91354
-0.91350
-0.91350
-0.91350
-0.91350
-0.91350

erf 1C) D

-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.79*9 0.441522
-4.79*9 4.441522
-4.79*9 0.441522
-4.79*9 4.441522
-4.79*9 4.441522
-4.79*9 4.441522
-4.79*9 4.441522
-4.79*9 4.041522
-4.79*9 4.441522

erf 1C) D

-0.7969 0.041522
-0.7949 0.041522
-0.7949 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.441522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522

erf ID) E

4.45*4 -4.44152
0.4544 -0.44152
0.45*4 -0.44152
4.4544 -0.04152
0.45*4 -4.44152
4.4544 -4.04152
4.45*4 -4.44152
4.4544 - .04152
4.4544 - .04152
4.0544 - .04152
4.4544 - .04152
4.45*4 - .44152
4.05*4 - .44152

erf ID) E

0.0544 -0.04152
0.0544 -0.04152
0.4544 -0.04152
0.0544 -0.04152
0.0544 -0.04152
4.0544 -0.04152
0.0544 -0.04152
0.0544 -0.04152
0.0544 -0.04152
0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152
0.0564 -0.04152

erf IE)

-0.0544
-0.0564
-0.0544
-0.0564
-0.0544
-0.45*4
-0.05*4
-4.45*4
-4.45*4
-4.4544
-0.0544
-0.0544
-4.0564

erf IE)

-0.4544
-4.4544
-4.4544
-0.0544
-0.4544
-0.0544
-0.0544
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564

Co
ppt

24,000
12,400

115,400
650,000
53,404
18,044
27,444
11,444
7,004

26,400
140
620

7,250

Co
ppb

24,000
12,444

115,004
650,004
53,000
18,004
27,000
11,404
7,000

26,000
140
620

7,250

C
Mb
1,040

97
3,545

29,171
1
0
0

492
225

1,166
4

17
0

C
PPt
1,079

539
5,149

29,214
2,363

761
123
494
315

1,169
6

28
0



' roject: Suuit N a t i o n a l Site
Contamnant-Transport . Calculations for Hater-Table Aquifer

6»: DBT Date: IO-Otc-B7

SEE TRANSPORT CALCIUM IONS OF 2/24/87 FDD TERNS, EDITIONS AND REFERENCES

HI6H-VELOCITY CASE
v= 0.9 ft/day

tile- 3650 days
i* 4500 feet

CONTAMINANT

Rethylene Chloride
1,1-Oichloroethane
1,2-Dichloroethane
2-Butanooe
1,1,1-Tnchloroethacie
Trichloroethene
Toluene
Ethyl Benzene
Phenol
Uophorone
2, 4-Dinthyl phenol
Naphthalene

Rd v'

1.2SS78 0.7I66B60
2.94355 0.1057532

1.9513 0.4412309
0.99B141 .9014757

5.642 .I5B9544
7.1425 .1240043
16.435 .0547411

I.09922S .9187584
1.9072 0.4718959

1.007245 O.B935244
1.07B75 O.B3429B9
2. 0636 0.4319447

Bis<2-ethylhe«yl>phthalatl701000l 0.0000000

v=
tne=

<=

0.9 ft/day
18250 days
4500 feet

0,'

43.00114 7.
18.34519 3.
27.47365 4.
54.100549.
9.537265 1.
7.54037B t.
3.295470
49.12552
28.31375
53.41158
50.05793
25.9164B
0.000003 0.

Dy' Dz'

166B40 7. 146840
057532 3.057552
41230? 4.412309
014757 9.014757
569544 I. 569544
240043 1.240043
547411 0.547411
1B7586 8. 167586
716959 4.718959
935244 8.935264
342989 B. 342989
319447 4.319447
000000 0.000000

A

2.377841
6.538721
4.430977
1.360213
10.50454
12.16022
19.63325
.784789
.320075
.400023
.701739
.752502

20902.16

erfclA) B

0.0011 0.518544
0 0.51B544
0 0.51B544

0.0477 0.516544
0 0.518544
0 0.516544
0 0.516541

0.0109 0.518544
0 0.518544

0.0047 0.518544
0.0162 0.516544

0 0.518544
0 0.518544

erf IB) C

0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51654
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205-
0.5205 -
0.5205 -<
0.5205 -
0.5205 -
0.5205 -
0.5705-

.51854

.51854

.51854

.51654

.51854

.51854

.51854

erf 1C) D erf(D) E

-0.5205 0.023570 0.025898 -0.02357
-0.5205 0.023570 0.025898 -0.023S7
-0.5205 0.023570 0.025898 -0.02357
-0.5205 0.023570 0.025B9B -0.02357
-0.5205 0.023570 0.025898 -0.02357
-0.5205 0.023570 0.025648 -0.02357
-0.5205 0.023570 0.025898 -0.02357
-0.5245 0.021570 0.029898 -0.02357
-0.5245 0.023570 0.025898 -0.42357
-0.5245 0.023570 0.025698 -0.02357
-4.5245 4.423570 0.025698 -4.02357
-4.5745 4.423574 0.025898 -0.02357
-0.5205 4.423574 4.025898 -0.42357

erf IE)

-4.42589
-0.02589
-0.02589
-0.02589
-0.02589
-0.02569
-0.02569
-0.42569
-0.42569
-0.02569
-0.02569
-0.02589
-0.02589

Co
pp.

24,040
12,000

115,000
650,004
53,000
16,004
27,000
11,440
7,000

26,000
140
620

7,250

C
ppb

0
0
0

209
0
0
0
1
0
I
0
0
0

CONTAK1NANT

Nethylene Chloride
1,1-Dichloroethane
1,2-Dichloroethane
2-Butanone
1,1,1-Truhlorcethane
Irichloroethene
Toluene
Ethyl Benzene
Phenol
Isophorone
2, 4-titethyl phenol
Naphthalene

Rd «' Di' ty'

1.25578 0.7166660 43.00116 7.166660
2.94355 0.3057532 1B.34S19 3.057532
1.9513 0.4612309 27.67385 4.612309

0.998141 0.9016757 54.10054 9.016757
5.662 0.1589544 9.537265 1.589544
7.1425 0.1260063 7.560378 1.260063
14.435 0.0547411 3.265670 0.547611

1.099225 O.BIB7586 49.12552 8.187586
1.9072 0.4716959 2B.31375 4.71B959

1.007245 0.6935264 53.41158 B. 935264
1.07875 O.B3429B9 50.05793 B.3429B9
2.0B36 0.4319447 25.91668 4.319447

Bisl2-ethylhexyl)phttialall70l0001 0.0000000 0.000003 0.000000

Hz1 A

7.166860 -4.84240
3.057532 -0.93325
4.612309 -2.75616
9.016757 -6.01600
I. 589544 1.916448
1.260063 2.961866
0.547611 7.147761
B. 187566 -5.51420
4.718959 -2.86024
6.935264 -5.96620
8.34298? -5.61097
4.319447 -2.45951
0.000000 9347.732

erfclAI B

2
1.7969
1.9999

2
0.0072

0.000022

.518544

.516544

.518544

.518544

.516544

.518544
0 0.518544
2 0.518544

1.9999 0.518544
2 0.5IB544
2 0.51B544

1.9993 0.5IB544
0 0.51B544

erf IB) C

0.5205 -0.51854
0.5205 -0.51854
0.5305 -0.51854
0.5205 -0.51654
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51654
0.5205 0.51854
0.5205 -0.51654
0.5205 0.51854
0.5205 -0.51854

erf 1C) D erf IB) E

-0.5205 0.023570 4.025896 -0.42357
-0.5245 0.023570
-0.5205 0.023570
-0.5205 0.023570
-0.5205 0.023570
-
-
-
-
-
-
-

.5205 0.023570

.5245 0.023570

.5205 0.023570

.5205 0.023570

.5205 0.023570

.5205 0.023570

.025898 -0.02357

.025696 -0.02357

.025898 -0.02357

.025696 -4.02357

.025898 -0.02357

.025898 -0.02357

.025698 -0.02357

.025898 -0.02357

.025B9B -0.02357

.025B9B -0.02357
.5205 0.023570 0.025698 -0.02357

-0.5205 0.023570 0.02589B -0.02357

erf IE)

-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
-0.025B9
-0.025B9
-0.02589
-0.02589

Co
P»b
24,000
12,000
115,000
650,000
53,000
18,000
27,000
11,000
7,000
26,000

140
620

7,250

C
ppb
324
145

1,550
8,742

3
0
0

148
94
350
2
B
0



r r r r

0.9 it/day
31500 days
4500 teet

CDNTMI1NWT Rd Oy' Oi' erfclAI erf IB) erf 1C) erUO) tr«E) Co

Nethylene Chloride
1,1-Dichloroetbane
1,2-Dichloroethane
2-Butanone
1,1,1-TrichlDroethane
Trichicroethene
Toluene
Ethyl Benzene
Phenol
Isophoroiie
;,»-Cnethy!p"enol
Naphthalene

1.25578
2.94355
1.9513

0.99B14I
5.662
7.1425

0.7166860
0.3057532
0.4612309
0.9016757
0.1589544
0.1260063

16.435 0.0547611
1.099225
1.9072

1.007245
1.07875
2.0836

Bis(2-ethylhe»»nphthaiatl70I0001

0.8187586
0.4718959
0.8935264
O.B3429S9
0.4319447
0.0000000

43.00116 7.166B60
18.34519 3.057532
27.67385 4.612309
54.10054 9.016757
9.537265 1.589544
7.560376 1.260063
3.285670 0.547611
49.12552 8.1B75B6
28.31375 4.71B959
53.61158 8.935264
50.05793 B. 342989
25.91668 4.319447
0.000003 0.000000

7. 166860
3.057532
4.612309
9.016757
1.589544
1.260063
0.547611
B. 1B7586
4.718959
B. 935264
B. 342989
4.319447
0.000000

-8.64415
-4.06945
-6.13656
-10.1090
-1.10323
-0.09444
3.611294
-9.47B54
-6.25828
-10.0487
-9.59967
-5.79165
6609. B43

2
2
2
2
2

1.1125
0
2
2
2
2
2
0

0.518544 0.5205 -0.51B54
0.51B544 0.5205 -0.51854
0.518544 0.5205 -0.51854
0.518544 0.5205 -0.51854
0.51B544 0.5205 -0.51854
0.518544 0.5205 -0.51854
0.518544 0.5205 -0.51854
0.518544
0.518544
0.518544
0.518544
0.51B544
0.518544

.5205 -0.51B54

.5205 -0.51854

.5205 -0.51854

.5205 -0.51854

.5205 -0.51854

.5205 -0.51B54

-0.5205 0.023570 0.021898 -0.02357 -0.025B9
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.02357 -0.025B9
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.02357 -0.025B9
-0.5205 0.023570 0.025B9B -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.02357 -0.025B9
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025B9B -0.02357 -0.025B9
-0.5205 0.023570 0.025898 -0.02357 -0.02589
-0.5205 0.023570 0.025898 -0.0235? -0.02589

24,000
12,000
115,000
650,000
53,000
18,000
27,000
11,000
7,000
26,000

140
620

7,250

324
162

1,550
8,762
714
135
0

148
94
350
2
8
0



Project: Suiiit National Site
Conlaiinant-Transport Calculation! for Nater-Table Aquifer

By: DBT Date: IO-Dec-B7

SEE TRANSPORT CALCULATIONS OF 2/24/87 FOR TERHS, EQUATIONS AND REFERENCES

ION-VELOCITY CASE
v= 0.03 ft/day

UK- 3650 diys
«= 1430 feet

CONTAHINANT

Hethylene Chloride
1,1-Dichloroethiiie
1,2-Dichlaroethane
2-Butinone
1.1,1-Trichloroethane
Truhloroethene
Toluene
Ethyl Benzene
Phenol
kophorone
2,4-DiwthylphenoI
Naphthalene

Rd v'

1.2557B 0.02J8895
2.94355 0.0101917
1.9513 0.0153743

0.998141 0.0300558
5.462 0.0052984

7.1425 0.0042002
16.435 0.0018253

1.099225 0.0272919
1.9072 0.0157298

1.007245 0.0297B42
1.07875 0.0278099
2.0836 0.0143981

Bis(2-ethylhesynphttul»tl701000! 0.0000000

»=
tue=

«»

0.03 ft/day
18250 days
1450 feet

D«' &y'

43.00116 7.16(8(0
18.3451? 3.057532
27.473B5 4.612309
54.10054 9.016757
9.5372(5 1.589544
7.540378 1.260063
3.285(70 0.547(11
49.12552 8.167586
28.31375 4.718959
53.61158 8.9352(4
50.05793 8.342989
25.916(8 4.319447
0.000003 0.000000

Di' A

7.16(8(0 1.719953
3.057532 2.729877
4.612309 2.192881
9.016757 1.508076
1.589544 3.833965
1.260063 4.318208
0.547(11 6.589908
8.18758* 1.594510
4.718959 2.165942
8.935264 1.516059
8.342989 1.577378
4.319447 2.271794
0.000000(735.143

erfclAI 8

0.01(2 0.1667B1
0.0001 0.166781
0.0019 0.16(781
0.0339 0. 16(781

0 0.166781
0 0.166781
0 0.166781

0.0237 0.1(6781
0.0019 0.164781
0.0339 0.1(6781
0.0339 0.16(781
0.0011 0.16(781

00.1(6781

erKBI C

0.1(8 -0.1(678
0.168 -0.16678
0.1(8 -0.16678
0.1(8 -0.16678
0.168 -0. 1(478
0.168 -0.1(678
0.1(8 -0.1(678
0.168 -0.16678
0.168 -0.16(78
0.168 -0.16(78
0.1(8 -0.1(678
0.1(8 -0.1(678
0.168 -0.16(78

erf 1C) D

-0.168 0.007580
-0.168 0.007580
-0.1680.007580
-0.1(80.007580
-0.168 0.007580
-0.168 0.007580
-0.1(8 0.007580
-0.1680.007580
-0.1(8 0.007580
-0.1(8 0.007580
-0.168 0.007580
-0.168 0.007580
-0.168 0.007580

erf ID) £

0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -
0.008 -

.00758

.00758

.00758

.00758

.00758

.00758

.00758

.00758

.00758
.00758
.00758
.00758

0.008 -0.00758

erf IE)

-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008

Co
Mb

24,000
12,000

115,000
(50,000
53,000
18,000
27,000
11,000
7,000

26,000
140
620

7,250

C
ppb

0
0
0

15
0
0
0
0
0
1
0
0
0

CONTAHINANT

hcthylenc Chloride
1,1-Dichloroethane
1,2-Dichloroethane
2-Butanont
1,1,1-Trichloroethane
Tnchloroethene
Toluene
Ethyl Benzene
Phenol
isophorme '
2,4-DiMthylphenol
Naphthalene

Rd

1.25578
2.94355
1.9513

0.998141
5.662

7.1425
16.435

1.099225
1.9072

1.007245
1.07875
2.0636

Bis'2-ethylhexyl)phthalatl701000l

v'

0.0238895
0.0101917
0.0153743
0.0300558
0.0052984
0.0042002
0.0018253
0.0272919
0.0157298
0.0297842
0.0278099
0.0143981
0.0000000

Di' Dy'

43.00116 7.1(68(0
18.34519 3.057532
27.67385 4.612309
54.10054 9.016757
9.537265 1.589544
7.560378 1.260063
3.285670 0.547611
49.12552 8. 187586
28.31375 4.718959
53.61158 8.935264
50.05793 8.342989
25.91668 4.319447
0.000003 0.000000

Dz' A

7.16(860 0.572325
3.057532 1.092256
4.M2309 0.8227(0
9.01(757 0.453622
1.589544 1.621890
1.260063 1.848616
0.547611 2.892680
8.187586 0.502673
4.718959 0.808897
8.935264 0.458191
8.342989 0.493024
4.319447 0.863147
C. 000000 3012.047

er fc(A) 8

0.4367 0.1(6781
0.1198 0.146781
0.25790.16(781
0.52450.1(6781
0.0237 0.166781
0.0109 0.166781

0.00041 0.166781
0.4795 0.16(781
0.2579 0.166781
0.5245 0.166781
0.4795 0.16(781
0.2293 0.1(678!

0 0.1(6781

erf IB) C

0.1(8 -0.16678
0.1(8 -0.16678
0.168 -0.16(78
0.1(8 -0.14678
0.1(8 -0.1(678
0.1(8 -0.1(678
0.168 -0.16(78
0.1(8 -0.16(78
0.168 -0.1(678
0.168 -0.1(678
0.1(8 -O.I6b7fl
O.ltB -0.16(78
0.1(8 -0.16678

erf 1C) 0

-0.1(8 0.007580
-0.1680.007580
-0.168 0.007580
-0.168 0.007580
-0.1680.007580
-0.168 0.007580
-0.168 0.007580
-0.1(8 0.007580
-0.168 0.007580
-0.168 0.007580
-0.168 0.0075BO
-0.1(8 0. 007580
-0.168 0.007580

irfID) E

0.008 -0.00758
0.008 -0.00758
0.008 -0.00758
0.008 -0.00758
0.008 -0.00758
O.OOB -0.00758
0.006 -0.0075B
0.008 -0.0075B
0.008 -0.00756
0.008 -0.00758
0.008 -0.00 758
O.OOB -0.00758
0.008 -0.00758

rrflE)

-O.OOB
-0.008
-O.OOB
-0.008
-0.008
-O.OOB
-0.008
-O.OOB
-MOB
-0.008
-O.OOfl
-o.ooa
•0.008

Co
ppb

24,000
12,000

115,000
650,000
53,000
18,000
27,000
11,000
7,000

26,000
140
620

7,250

C
ppb

7
1

20
229

1
0
0
4
1
9
0
0
0
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hie=
0.03 it/til
34500 days
4500 teet

COKTAMINAUT

Methylene Chloride
1,1-Dichloroethtne
1,2-tichloroettiane
2-Butinoni
1,1,1-Trichloroethjne
Trichloroethene
Toluene
Ethyl Benzene
Phenol
Isophorone
2,4-Dnethylphenol
Naphthalene

ltd

1.25578
2.94355

1.9513
0.998141

5.642
7.1425
16.435

1.099225
1.9072

1.007245
1.07875
2.0836

8i5<2-ethylhesyl>phtliaUtl7010001

v'

0.0238895
0.0101917
0.0153743
0.0300558
0.0052984
0.0042002
0.0018253
0.0272919
0.0157298
0.0297842
0.0278099
0.0143981
0.0000000

Bi' Dy'

43.00116 7.166860 1

Oz' A

.146840 1.447953
18.34519 3.057532 3.057532 2.522331
27.67385 4.612309
54.10054 9.016757
9.537265 1.589544
7.56037B 1.260063
3.285670 0.547611
49.12552 B. 187586 (
28.31375 4.718959
53.61158 8.935264 I
50.05793 8.342989 !

.612309 1.959551
.016757 1.210620
.589544 3.649612
.260063 4.137240
.547611 6.400971
.1B75B6 1.308322
.718959 1.930899
.935264 1.219873
.342989 1.289086

25.91668 4.319447 4.319447 2.04320B
0.000003 0.000000 0.000000 6609.846

erfcldl B

0.0477 0.094672
0.0004 0.094672
0.0047 0.094672
0.0897 0.094672

0 0.094672
0 0.094672
0 0.094672

0.066 0.094672
0.0072 0.094672
0.0897 0.094672
0.066 0.094672

0.0047 0.094672
0 0.094672

er«B> C

0.5205 -0.09467
0.5205 -0.09467
0.5205 -0.09467
0.5205 -0.09467
O.S20S -0.09467
0.5205 -0.09467
O.S20S -0.09467
O.S20S -0.09447
0.5205 -0.09467
0.5205 -0.09467
0.5205 -0.09467
0.5205 -0.09467
0.5205 -0.09467

er(IC) D erf ID) E

-0.5205 0.004303
-0.5205 0.004103
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303

.005 -0.00430

.005 -0.00430

.005 -0.00430

.005 -0.00430

.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 1.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 0.005 -0.00430
-0.5205 0.004303 0.005 -0.00430

erf IE)

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

Co
ppb

24,000
12,000

115,000
650,000
53,000
18,000
27,000
11,000
7,000

26,000
140
620

7,250

C
ppb

1
0
1

76
0

«
0
0



f -o ju t : Sumit Nations! Site
ConUtinant-Transport Calculat ions for Hater-Table Aouifer

By: DBT Date: IO-Dec-B7

SEE TRANSPORT CALCULATIONS OF 2/26/97 FOR TERNS, EBUAT10NS AND REFERENCES

UN-VELOCITY CASE
»= 0.03 (t/day

tue- 3650 days
i= 4500 feet

CONTANINANT «d »' D.1 Dy' Dz1 A erfclA) B trfll) C IfMCI D erf ID) E erf IE) Co C
ppk ppb

nethylene Chloride
1,1-Dichloroethane
1,2-Dichloroethane
2-Butanone
1,1,1-Tnchloroethant
Tnchioroethene
Toluene
Ethyl Beniene
Phenol
Isophorone
2,4-Quethylphenol
Naphthalene

1.25578 0.023B895
2.94355 0.0101917

1.9513 0.0153743
0.998141 0.0300558

5.662 0.0052984
7.1425 0.0042002
16.435 0.0018253

1.099225 0.0272919
1.9072 0.0157298

1.007245 0.0297842
1.07875 0.0278099
2.0836 0.0143981

Bis<2-ethylhe*yl)phthjlatl701000l 0.0000000

1=
tne=

x =

0.03 ft/diy
18250 days
4500 feet

43.00116 7.
18.34519 3.
27.673B5 4.
54.10054 9.
9.537265 1.
7.560378 1.
3.285670 0.
49.12552 8.
2B. 31375 4.
53.61158 B.
50.05793 8.
25.91668 4.
0.000003 0.

166860 7.166860
057532 3.057532
612309 4.612309
016757 9.016757
589544 1.589544
260063 1.260063
547611 0.547611
1875B6 8.1B75B6
718959 4.718959
935264 8.935264
342989 8.342989
319447 4.319447
000000 0.000000

5.569266
8.623227
6.991194
4.939BB1
12.00752
13.49B39
20.51542
5. 195897
6.909723
4.963478
5.145067
7.230105
20902.16

0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672
0 0.094672

0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467
0.1124 -0.09467

-0.11240.004303
-0.11240.004303
-0.1124 0.00430!
-0.1124 0.004303
-0.1124 0.00430!
-0.1124 0.004303
-0.1124 0.00430!
-0.1124 0.004303
-0.1124 0.004303
-0.11240.004303
-0.1124 0.004303
-0.1124 0.004303
-0.1124 0.004303

0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

24,000
12,000

115,000
650,000
53,000
18,000
27,000
11,000
7,000

26,000
140
620

7,250

0
0
0
0
0
0
0
0
0
0
0
0
0

CONTANINANT

Nethylene Chloride
1,1-Dichloroethane
1,2-Dichlorcethjne
2-Butanone
1,1,1-Inchloroethane
Truhlor cethene
Toluene
Ethyl Benzene
Phenol
Isophorone
2,4-Biiethylphenol
Naphthalene

Rd »' Di' Dy' Hz' A

1.25578 0.023B895 43.00116 7.166860 7.166860 2.293791
2.94355 0.0101917 18.34519 3.057532 3.057532 3.727842

1.9513 0.0153743 27.67385 4.612309 4.612309 2.968631
0. 998141 0.0300558 54.10054 9.016757 9.016757 1.988371

5.662 0.0052984 9.537265 1.589544 1.589544 5.277219
7.1425 0.0042002 7.560378 1.26006! 1.260063 5.954122
16.435 0.0018253 3.285670 0.547611 0.547611 9.120361

1.099225 0.0272919 49.12552 8.187586 B.1875B6 2.113263
I.9C72 0.015729B 28.31375 4.71895? 4.718959 2.910380

1.007245 0.0297642 53.61158 8.935264 6.935264 1.999924
1.07875 0.0278099 50.05793 6.342981 B. 342989 2.0BB543
2.083k 0.0143961 25.91468 4.319447 4.315447 3.080571

6ii l2-eth»lhe«vl>phthalatl701')OOI 0.0000000 0.000003 0.000000 0.000000 9J47.734

erfc lAI

0.0011
0

0.000041
0.0047

0
0
0

0.003
0.000041

0.0047
0.003

0
0

B

0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672
0.094672

erf IB)

0.1124
0.1124
0.1124
0.1124
0.1124
0.1124
0.1124
0.1124
0.1124
0.1124
C-.I124
0.1124
0.1124

C

-0.09467
-0.09467
-0.09467
-0.09467
-0.09467
-0.09467
-0.09447
-0.09467
-0.09467
-0.09467
-0.09467
-0.09467
-0.09467

ertIC)

-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124
-0.1124

D

0.004303
0.004303
0.004303
0.004303
0.004303
0.0043d3
0.004303
0.004303
0.004303
0.004303
0.00430!
0.004 30 I
0.004J03

erf IB) E

0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.06430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430

erf IE)

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

Co
ppb

24,000
12,000

115,000
650,000
53,000
16,000
27,000
11,000
7,000

26,000
140
620

7,250

C
ppb

0
0
0
1
0
0
0
0
0
0
0
0
0
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APPENDIX F - RADIOLOGICAL MONITORING DATA
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DM KMMKI CMCfMMI W KF«t

1. ABOUT THE REPORT
This report lists .he deep and shettow dose equivalents
eoTeee-h^SSpant based on the amount ofndlatlon
to which the badge or dosimater was exposed The
premise hi that the radiation which exposed the badge
• ctcaaty ralatod In both quality and quantity to that
radiator, which exposed iwt part of the body on
which the dosimeter was worn

2. USE OF CONTROL DOSIMETER
A contra[dosimater is tncluded win the shipmerrtof
receded during transit. The control dosimeter reeding
is subtracted from (he dosimeter reading ot eacfi

rtrol dosimeter with
yoiN return shipment of dosimeters wW not allow us to
assess transit exposure to radiation and such transit
doaas will be reflected in the participant dose
MINIMUM DOSE EQUIVALENT REPORTED
Dose equivalents for me currant monitoring period be
low the minimum measurable quantity am recorded as
"M" The minimum measurable qtawrtrly depends on
the ooeanejar type and Quality ol nvftajion QABDRAV*

lor energetic bate perhc-w fJExSlAV* Mm dosimeters
have • rSrwnum r^*^ £**J*J*nrmn AN fast and

CUMULATIVE TOTAL DATA

5. ADJUSTMENTS TO CUMULATIVE DATA

....J and other regulatory
been~made incrgatfrj or ̂ decreasing the totals from
those originally i spotted. S»icĥ  jmenrjments are made

meter expnmin* nnginalty

< be n

understate ma true dosage "to the badge**a!isiqnee
(Refer to adjustment column) Addition of previous
exposure prior to commencement nf ine nf the ,
ular dosimeter assignment reported may ehu
fleeted in the cumuMKw totals

8. DEEP AND SHALLOW DOSE EQUIVALENTS
The deep dose Is the Awe eqmvatenl from aH radle
lions at a depti of tern (tOOOma/nnO m sofl tissue
Considered are the effects of buffi up and anernielion
of radtetton in the body as estimated using Hie .10cm
diameter sphere of tissue equivalent mattrtHl specified
by Ihe Iriternaftonal t>mnwtslon on Radiation Lents
and Measurements The shallow dosa equivalent is the
dose equivalent from eN redieeons at approximately
0007cm depth {Imatcrn1} in soil tissue Similar to
deep dose, the corttr*Mi»nn to thn shallow d<w equiv-
atent from radiation scattered within the body is con-
sidered The deep dose should be considered equiv-
alent to the whole body dose and Ihe shallow dmrt a*
equivalent lo the dosr* lo Hie skin of ttw. whito r<o>1y
Onee equfvatents arising trivn exposures lo • or
gamma rays wiN have a deep and shadow vak» re-
ported. Depending on the energy of llte » n> qeriima
rays, ma deep and shallow vahtes may rn may nut ba
equal For neutron exposures, the same value n re
ported for ttw deep and *haHnw dose p<)i)ivalr>nl Bnlit
exposures are nnry H*prirtnd ns n shallow dovt WIINV
atom

Whan the tens of the eyas are not sufficiently protected
from radiation, NRC Form 5 states lhar doeas at
arjOmg/cnV or less should be measured When dosim-
eter oata indicate that reporting the dosa at tern depth
would not reftoct Ihe appropriate dose at 03cm depth
(300mg/cm'} the deep dose reported wilt be the dose at
0 3cm depth rather than at I Ocm depth

RING BADGE READINGS
sare reported

DE This film badge appears to have been shteWad during
exposure There is a dosa recorded, however, no exact
quantitative determination can be made.

Of This Him packet appears to have been misplaced In
the badge. The dosa reported is not an exact quanti-
tative determlnaUon. but Is only an Indtcalion that the

shallow doaa asRing badge readings *
or tele pa t̂ictes.r7rw reported value may be incorrect.
Calibration factors tor x-ray* and beta particles era
available so that a more accurate Interpretation Is
possible
GENERAL RADIATION EXPOSURE GUIDES*

TYPE Of EXPOSURE PUCE VALUE
Whoto body, hnttd * l«mfe. <250 mfMmrm per quart*.
btood

*MA 10 tw whota body dim not
•need

7300

IB.7SO

ol •?•

Skin ol whnto body

HwxJ. fofesrme. teri

*USNRC regulattons. THte 10. Part 20. Code of
Federal Regulations (9-1-78) NOTE Certain states and
othai regulatory agencies may follow guides that enj
different from the above

COLUMN REFERENCES
HOTCt (COLUMN 4)

B-t This Him appears lo have bean damaged by light The
accuracy of any reading given would be affected there-
by

B-2 This film appears lo have bean damaged by motatura.
The accuracy of any reading given would be affected
thereby

8-3 This film appears to have bMn damaged by chemical
fogging Trie accuracy of any reeding given would be
afftctfwl tharnhy

0-4 This dnslnwtnr appears to have been manufactured
faultily The arnuracy ol any reading given would be
•fforlftd (hereby

B-5 This fltm appears to have been damaged by heat or
pres*iim Th* nrcurHcy of any rwKl.ng given would be
attnclnd trwreby

C Evidence of contamination
DA This film packet nppeain lo haw bnen expntMtd wit of

the badqe. therefore, the value given Is based on a high
energy gamma calibration end Is valid only If the ex-
posure were dim in high energy gAmma M it were due
In beta nerliclnv ni Iciwer r>nergy M or gamma rays, the
value mooned nuiy be in«;c.Hi»l«

DC Thu Him pnrhni is pan»nlly ItghlMruch There h
apparmitly a daw rernrderi. however, nn exact quantl
lativp dnrfrmiiinlion can he made Ihe reported dose is
the mfiximiirn IIKPIVA.)

no This film badge appears to have been shielded during
eipmurp Tim 'low reported Is rtnt an exert quantita-
tive dr>l«tiriili>n1i<in t>i,t nnly en irwlirntmn IhMt the
badge WHS eN|x>VMl

DO Although Ma Him packet was slightly Hghtslruck.
there seems to be no apparent eftecl on the reading

DH The bate-gamma background on tMs fMm badge was
too high to give a valid fast neutron reeding

Dt This reeding Is based on 80-180KV x-ray This film
s to be detective: please return badge for

DJ This Him packet is too old to process.
Dt This control packet appears to have bean placed in a

film badge Indicating posslbte misuse May we remind
you thai the value of the control films la tost M used tor

purpoaas.
DA Thai film appears to hava bean exposed from the rear

of Ihe badge
OS Amounts shown In columns 8 A 9 have, bean perma-

nently subtracted from cumutotlve totals at customer's
request

DT Amounts shown In columns 8 ft 9 have been perma-
nently added to cumulative totals at customer's re
quest

DU Amounts shown In columns t a B have been sup-
plied by customer for period prior to inception of
Landauer service and have been permanently added to
cumulative totals

DV Amounts shown In columns 8 A 9 are previous life-
time exposures supplied by customer and have bnen
permanently added to cumulative totals

DV Other comment - See attached note

DZ Other comment - See attached note

E Irregular exposure
E-1 Due to the Irregular exposure Ihe effective energy

cannot be property determined and the domge is
estimated arbitrarily based on SO In ISO PKV . reyfl as
probable source of exposure H different energy the
value reported will not be the actual dosage

E-2 Due to the Irregular exposure the effective energy
cannot be property determined and thn dosaqe is
estimated arbitral My based on gamma nr * lay nvm
40OK0V as probable source of exposure if different
energy, the value reported will no) l>e the artttal
dmage

H Unused
OC Dosimeter received and processed Quality control has

not Buthorirad reporting (if dnwn A wperatn refill
containing the drvwn for this dosimntft' w><l I* fend
coming

d by an H tot
' Irw 290 h*V efbcfiva). M

ILiiiTiiTtOO end 2SO UV offerine) at I

d WIXMU* due to boat • or gw*m i«ym and bek
nerHchw Trw be* lameh dose wM be pnnM as a «rond INW
In trw sTvsHnw daM colwnn *nd cod*) as 8. mrttehnq *W V*

i M tie bets dose cwntmnsn* ot «w

• Contorted expOSUr* dua W « or gsmmi i»Vl end neutron! the
rvuiron OMS <wN be ptieteJ as a meant km In the item driw
column TMs am wM be coded as NT or MT. ̂ dcatmg twl lh»

MUUtnaWn (OOUMN 18}
AdMfenenls matte to cumulative totals ***> VMS ot previ
«« report at customer request
Additions
Subtrartirvts

• Adthenna ft Subtractions
• Omega date SuppAed by customsr lor pertod prior to m

ception of Landausr a»neca
• Douge data suppaad by customer tor period prior to m

ceiriKHt ol Landeue* tentaa. additional changM have aho

. Pt»vk«rt MnHrna e«posma suppMed by customer
el rhanqes hewe also been made

(COLUMN IT)
Unttm b*tti OMa and MstMe S-VOSM* isconli eie surpiwt tiy
Sw aainnMt. Mt ̂ luei sie eyorlMl in rnhmn IT H tvn (!••

Ihen <•! • muHetllppI try 'Oil

muet n *»M wth* y>* *> «*•«> IT (WOO lAtr- W|e«k«m

.

MCCPTtON DATl Of PCfWANCNT TOTAL
(COLUMN »|
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1.0 EXECUTIVE SUMMARY

A multiple-technique geophysical survey was conducted at the Summit
National Site in Deerfield Township, Portage County, Ohio to evaluate
overall site conditions.

Magnetic data obtained along a 25-foot grid within the site identified
seven possible waste container burial sites. Ground penetrating radar
[GPR] surveying had limited penetration due to highly conductive surface
materials. GPR test lines Identified buried point targets, possibly
barrels, within two of the magnetic anomalies [anomalous zones IV and
VI].

Electromagnetic surveying along selected profile lines, both within and
adjacent to the site, indicate higher conductivity values associated
with near surface materials and the upper aquifer and lower conductivity
values associated with an aquitard at depth. The high conductivity
values indicative of contaminants within the upper aquifer appear to be
migrating eastward more or less along the path of a stream. Lower
conductivity values at depth indicate that the aquitard is slowing the
vertical migration of contaminants. Contoured conductivity values
indicate an eastward migration of contaminants along the top or
possibly within the upper portion of the aquitard.

2.0 INTRODUCTION & PURPOSE

A geophysical survey was conducted for SRV Associates, Inc., at the
U.S. EPA Summit National Site located in Deerfield Township, Portage
County, Ohio during the period of October 31 through November 7, 1984.
The multiple-technique geophysical program consisted of magnetometer,
electromagnetic terrain conductivity [EM], ground penetrating radar
[GPR] and borehole logging surveys.

The general purpose of the multiple-technique survey was to evaluate
the overall site condition in terms of total field magnetics, surface
and subsurface conductivity and stratigraphy. The specific objective

2009R3 • 1 • R588
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of the magnetometer survey was to determine those locations within the
site where waste containers, drums, barrels, tanks, were burled. One
of the specific objectives of the EH survey was to define a relation-
ship between the general site stratigraphy and conductivity. The
general site stratigraphy consists of surface soils, upper aquifer,
aquitard and lower aquifer. The other objective of the EM survey was
to evaluate the extent of groundwater contamination and the direction
of contaminant migration. The specific objective of the GPR survey was
to evaluate the source of the magnetic anomalies. The borehole logging
survey was conducted to define various parameters: resistivty,
conductivity, porosity, temperature, self potential, density and
temperature related to the stratigraphy.

3.0 LOCATION & SURVEY CONTROL

The area of investigation is shown on Figure 1, a segment of the
Deerfield, Ohio United States Geological Survey Quadrangle Map. The
specific locations of magnetic, EN and GPR survey lines are shown on
Figures 2 and 2A. The base map and horizontal control for this survey
were provided by SRW Associates, Inc.

4.0 METHOD OF INVESTIGATION

The geophysical field program utilized magnetic, electromagnetic terrain
conductivity and ground penetrating radar and borehole logging tech-
niques. The method of investigation for each technique is described is

' the following sections.

4.1 Magnetometer Survey

Total field magnetic measurements were made using a Geometries model
G-816 Portable Proton Magnetometer. Total field magnetic readings were
recorded every 10 feet on a 25-foot survey grid in the on-site area.

> Base station data used to correct the survey data for local diurnal
variation was obtained on Line F at Station 6+"75. The locations of
•etal debris scattered throughout the survey area were noted in field
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data books, since this debris will effect Magnetic measurements. A
discussion of the magnetic survey technique is included as Appendix A
to this report.

4.2 Electromagnetic Terrain Conductivity [EM] Survey

Conductivity measurements were made on each survey line using both the
EM31 and EM34-3. Measurements were made at 12.5-foot Intervals with
the EH31. The data intervals for the EM34-3 survey were 25-foot and
50-foot, respectively, for the 10 and 20 meter coil spacings. A
complete set of data showing the variation of conductivity with depth
was obtained by making multiple traverses over each survey line. The
EM31 provided information on the conductivity of the near surface
material. EM34-3 data obtained with the 10- and 20-meter coll spacing,
vertical coil configuration, provided information on subsurface conduc-
tivity with increasing depth. The EM34-3 20-meter coil spacing, hori-
zontal coil configuration, provided the maximum depth of penetration
achieved during this survey. The EM34-3 40-meter coil spacing, vertical
coil configuration, survey originally proposed for this site could not
be accomplished due to high levels of electromagnetic background noise.
The 20-meter coil spacing, horizontal coil configuration, survey was
used to complete the data set.

Table 1 summarizes the exploration depths of the EM31 and EM34-3 for
the various coil spacings and configurations used for the survey.

TABLE 1

Approximate Exploration Depth [feet]
Intercoil Spacing vertical Horizontal

Type [meters]___ Colls Colls_____

EM31 3.1 - 8 - 18
EM34-3 10 20 - 25 40 - 50
EM34-3 20 40 - 50 90 - 100

A discussion of the electromagnetic conductivity technique is included
as Appendix B to this report.
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4.3 Ground Penetrating Radar fGPRl Survey

GPR data were obtained using a Geophysical Survey Systems. Inc.
Subsurface Interface Radar [SIR] System coupled with a 300 MHz
transducer. Results of the earlier EM31 survey showed high surface
conductivity indicating the GPR depth of penetration would be limited.
However, a test program was conducted in several areas of the site.
These test lines were located in areas of magnetic anomalies and other
areas of primary Interest. A discussion of the ground penetrating
radar survey technique is included as Appendix C to this report.

4.4 Borehole Logging Survey

Spontaneous Potential [SP], resistivity. Natural Gamma Ray, Neutron-
Neutron, Density, Caliper. and Fluid temperature and conductivity
geophysical logging techniques were used in borings MW-8 and Mtf-14.

5.0 DISCUSSION OF RESULTS

5.1 On-Site Area

5.1.1 Magnetometer Survey

Contoured Magnetometer survey data [Figure 3] obtained in the on-site
area defined several anomalous zones. These zones are Indicated as
I-VII on the Magnetic Anomaly Map [Figure 4]. Metal debris observed on
the surface was noted in the field records and has been accounted for
in the interpretation of magnetic data described below.

Zone I is a relatively broad area centered near the intersection of
Lines H+50 and 8+50. The anomalous zone consists of several magnetic
highs and lows in an area approximately 125 x 125 feet. The amplitude,
800+ gammas, of the anomaly and extent of this zone indicate a rela-
tively large amount of burled magnetic material scattered throughout
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this area. The type of Material suspected to be buried is probably
similar to that observed at the surface; drums, barrels, cans and
general debris.

Zone II is a relatively small area centered near the intersection of
Lines G+75 and 9+50. The location, size and amplitude of this magnetic
anomaly appears to confirm the suspicion of a buried tank in this area,
an area which coincides with seepage of a tar like material from a
subsurface source.

Zone III is a relatively small area centered near the intersection of
Lines P+50 and 9+00. The low amplitude, approximately 250 gammas,
signature of this anomaly is indicative of a relatively small amount of
magnetic material. The anomaly is probably the result of magnetic
debris, barrel covers and rings, observed on the surface at this
location rather than a concentration of burled material such as barrels
or drums. However, there is a possibility of buried material at this
location.

Zone IV is a broad area, approximately 100 x 100 feet, centered near
the intersection of Lines B+30 and 9+30. Two anomalies consisting of
paired magnetic highs and lows were detected in this area. The
measured amplitude of the anomaly on the west side of the zone is
greater than 2000 gammas, indicative of a large amounts of magnetic
material concentrated in a small area, possibly a nest of buried
barrels. The source of the anomaly appears to be on Line E near
Station 9+30. The magnetic field at this station was very erratic and
resulted in highly anomalous, nonrepeatable, data.

The anomaly on the east side of the zone has a measured amplitude of
approximately 800 gammas. Although smaller in measured amplitude, the
magnetic signature is indicative of a concentration of material in a
small area. The location of the source of this anomaly is probably
defined by the magnetic high.
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The anomaly at Zone V consisted of a paired high/low magnetic signature
of relatively low amplitude, approximately 500 gammas, covering a small
area centered near the intersection of Lines D and 8+00. Magnetic
material including barrels, steel cable and general debris was observed
on the ground surface In this area. The magnetic material observed in
this area contributes to the anomalous magnetic condition, however, it
is considered probable that more magnetic material is present, buried
in the mounds of dirt and debris at this location.

The anomalous condition in Zone VI, centered near Lines F+50 and
consisted of a low amplitude, approximately 350 gammas, magnetic high.
The source of the anomaly appears to be an isolated buried magnetic
object located by ground penetrating radar on Line 6+50 at F+78. The
depth of burial, based on GPR data. Is estimated to be* two feet.

The anomalous condition in Zone VII, centered near Lines H+75 and 6+50,
consisted of a paired high/low magnetic signature with an amplitude of
approximately 300 gammas. Although some steel debris was observed in
this area. It is considered likely that the anomaly Is due to magnetic
material buried at this location.

5.1.2 EM Survey

The data obtained during the electromagnetic terrain conductivity survey
in the on-site area are shown as composite plots [Figures 5 and 6].
Data obtained on Line 9+00 indicates conductive surface and subsurface
conditions. A zone of high conductivity was detected from approximately
Line D+50 to Line G with the highest values occurring near Line f.
High conductivity values, particularly near Line F, were measured with
all the EH coil configurations and coil spacing utilized on this site.
This conductive zone generally coincides with the magnetic anomalies,
Zones III and IV, previously discussed. The data indicates a highly
conductive subsurface condition extending to depth. On Line F, the
EM31 data, Indicates conductive subsurface condition. The anomalous,
low conductivity values measured on Line F, with the 20-meter coil
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spacing horizontal coil configuration, are probably the result of orien-
tation of the instrumentation with respect to the conductive zone rather
than the presence of a true low conductivity subsurface condition in
this area.

Anomalous EM data were obtained on Line 7+00 at IK'75. This location is
adjacent to the reinforced concrete coal tipple structure. The
anomalous EM condition is probably related to the influence of this
structure.

In addition to the specific anomalous conditions previously discussed,
several general observations of conditions in the on-site area are
important. The composite plots of EM data obtained with the various
coll spacings and configuration indicate that terrain conductivity
generally high, 40 to 60 nmhos/m for the near surface material,
decreasing to less than 40 nmhos/m at depth. The lowest conductivity
values were measured with the EM34-3, 20-meter coil spacing, horizontal
coll configuration. This configuration and coil spacing provided the
maximum depth of penetration achieved for this survey. The composite
data plots also indicate a similarity in the trend of the data obtained
with the EM31 and EM34-3 [10- and 20-meter coil spacing, vertical coil
configuration]. The EM31 data show the conductive nature of the near-
surface materials. The EM34-3 data show relatively high conductivity
conditions indicative of contamination extending to a depth which
includes the upper aquifer. Due to the variation in conductivity
across the site and the United coverage, contaminant migration
pathways could not be identified. Data obtained with the EM34-3,
20-meter spacing horizontal coil configuration, indicates the materials
at greater depth, within the aquitard, have lower conductivity than
that of the near surface material. In addition, the variation in
conditions in the aquitard vary somewhat from the trends established in
the shallower data. This may indicate that vertical migration of
contaminants in the upper layers is variable or variation in the depth
or stratigraphy of the aquitard layer.
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5.1.3 OPR Survey

Due to the conductive nature of the surface materials at this site, the
depth of penetration achieved by the GPR on test lines conducted in
several areas was limited to approximately 2 to 3 feet. For this
reason the GPR survey was determined to be inapproproate for this
site. However, GPR test data did locate shallow point targets,
possibly barrels, in magnetic anomaly zones IV and VI. The location of
the test lines and anomalous conditions are shown on Figure 2A. Test
lines conducted in the area of the scale house showed a large buried
tank adjacent to the scale house on the west side and two smaller tanks
buried side by side adjacent to the scale house on the east side. The
depth to the top of these tanks is estimated to be less than three feet.

GPR test lines in the vicinity of the coal tipple ruins, incinerator
and incinerator stacks were run to determine if tanks were buried at
these locations. Several small shallow targets were detected at these
locations, but signal penetration was very limited. Buried tanks, if
present, were not detected within the depth range of the GPR.

5.2 Off-Site Area

5.2.1 BM Survey

The off-site electromagnetic terrain conductivity survey was conducted
in an area approximately 300 by 400 feet located directly east of the
on-site area. The survey coverage was established to investigate
surface and subsurface conductivity in the vicinity of a small swampy
area and an eastward flowing stream.

The results of the off-site EM survey are shown as data plots on
Figures 6 and 7 and contour maps, Figures 8, 9, 10, and 11. Composite
plots of EM data obtained with the various equipment configurations are
shown for Line B and the extension of Line J+75 on Figures 6 and 1,
respectively. The order in which the contour maps are presented is
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consistent with increasing depth of penetration for the various EM
equipment configurations. Figure 8 shows the near surface conditions,
while Figure 11 shows conditions at the maximum depth of penetration.
In general, this set of data shows that conductivity decreases with
depth and significant variations in contour trends for the various coil
spacings and configurations.

The EM31 data indicate relatively conductive, 25 to 50 mmhos/m, surface
soils. The highest values were measured in the swampy area and in the
vicinity of the stream channel. Surface soil conductivity values are
high in the west decreasing to the north, south and east. Although the
near surface soil conductivity decreases to the east, no specific trend
related to the eastward flowing stream was evident in the contours.
The EM34-3 data obtained with the 10- and 20-meter coil spacing,
vertical coll configuration, are indicative of the conductivity in the
upper aquifer. Available geologic information indicates an upper
aquifer in the overall site area at a depth of approximately 22 to 30
feet. The contour maps [Figure 10 and 11] developed from 10 and 20
meter spacings, vertical coil, data indicate subsurface conductivity is
relatively high, 25 to 40 mmhos/m. The measured values are high in the
west, decreasing to the north, south and east. This general trend is
the same as that established by the EM31 data for the near surface
soils. However, unlike the near surface data, the deeper penetration
BM34-3 data defined a trend evident in the contours, which may Indicate
a concentration of relatively high conductivity in the upper aquifer
following the surface path of the eastward flowing stream. At several
locations along Line 7+00, the upper aquifer conductivity is higher
than the values measured for the near surface soils.

Data obtained with EM34-3 20-meter coil spacing, horizontal coil
configuration, are indicative of the subsurface condition at the
maximum depth of penetration achieved during the survey. These data
indicate lower conductivity at depth. This decrease in conductivity
with depth is probably the result of the influence of the material
below the upper aquifer. Available geologic information indicates a
low permeability layer, identified as an aquitard, in the site area at
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a depth of 30 to 95 feet. Due to the low permeability of this layer,
the vertical and horizontal migration rate of contaminants into and
through the layer would be expected to be very low. However, the
contours of the deep EM34-3 data, Figure 11, show conductivity values
decreasing from west to east, indicating a possible migration of
conductive contaminants in this layer or that the depth to the aquitard
is shallower to the east. There is no indication in these data of any
specific trend associated with the eastward flowing stream as was the
case in the upper aquifer.

5.2.2 Borehole Logging

No direct correlation can be drawn between the stratigraphic sections
and surface electromagnetic measurements because boring MW-14 is
several hundred feet from the nearest EH survey line and MW-8 is
located near electromagnetic Line B whose measured condutivity profile
is generally characterless. These boring logs may have information
which will contribute to the overall project and have been included as
Figures 12 and 13.

6.0 CONCLUSIONS & RECOMMENDATIONS

The multiple-technique geophysical survey conducted for SRV Associates,
Inc. at the Summit National Site obtained magnetic, electromagnetic,
ground penetrating radar and borehole logging data to evaluate the
overall site conditions. Geophysical data were obtained on 25-foot
spaced grid lines within the on-site area and along selected survey
lines in the off-site area. The 25-foot magnetic data acquisition grid
provided sufficient data density to locate specific areas where barrels
may be burried; and the wider spacing of EM survey lines is cost
effective in evaluating the overall site conductivity conditions.

Magnetic survey results indicate seven anomalous zones where waste
containers may be buried. Point targets, possibly barrels, were
identified within two of the anomalous zones by the GPR survey. The
electromagnetic survey results indicate that the surface materials and
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upper aquifer are more conductive than the aquitard at depth.
Contoured conductivity values indicate that contaminants in the upper
aquifer are following the surface path of an eastwardly flowing stream
and that the aquitard is limiting the vertical migration of
contaminants.

It Is recommended that the results of this geophysical investigation be
verified with trenching of magnetic anomalies and drilling and sample
analysis of possibly contaminated ground water along the migration path
Identified by contoured conductivity data [EM results]. It Is also
recommended that the geophysical survey be extended to include all of
the geophysically logged boreholes to allow for direct correlation and
a better overall understanding of site conditions.
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Introduction

The magnetic method is a versatile, relatively inexpensive, geophysical explora-
tion technique. Aeromagnetic surveys and deep water marine studies are commonly
used as a reconnaissance tool for tracing large-scale geologic structure. Land
and coastal water marine data are more useful in tracing smaller, more localized
geologic structures, such as mineral and ore deposits. Land and marine surveys
yield more detail and higher resolution, since the measurements are taken closer
to the anomaly source. Land and shallow water magnetic data is commonly used to
locate larger, buried, man-made objects such as pipelines, barrels or other
buried metal objects, and smaller objects such as involved in archealogical
prospecting.

Earth Magnetism

Magnetics is a "potential field" method. For a given magnetic field, the
magnetic force in a given direction is equal to the derivative of the magnetic
potential in that direction. The source of the earth's magnetic potential is
its own magnetic field and the induction effect this field has on magnetic
objects or bodies above and below the surface. The earth's field is a vector
quantity having a unique magnitude and direction at every point on the earth's
surface. This magnetic field is defined in three dimensions by angular
quantities known as declination and inclination. Declination is defined as the
angle between geographic north and magnetic north, and inclination is the angle
between the direction of the earth's field and the horizontal [Figure 1]. The
earth's magnetic field is measured in "gammas" [where 1 gamma - 10 Oersted];
the total field ranges from about 25,000 gammas near the equator to TO,000
gammas near the poles.

The earth's magnetic field is not completely stable. It undergoes long-term
[secular] variations over centuries; small, daily [diurnal] variations [less
than 1\ of the total field magnitude]; and transient fluctuations called
magnetic storms resulting from solar flare phenomena.
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The earth's ambient magnetic field is modified locally by both naturally-
occurring and nan-made magnetic materials. Iron or steel objects act as "local"

~~ dipoles, which are generally oriented differently than the earth's external
magnetic field.

The iron or steel objects represents a local perturbation in the main earth
field. The net field in the vicinity of this perturbation is simply the vector
sum of the Induced and earth fields. Thus, the induced field is a function of
the "susceptibility" of the material, or its ability to act like a magnet.

Remanent magnetization is produced in materials which have been heated above the
Curie point allowing magnetic minerals in the material to become aligned with
the earth's field before cooling. The remanent field direction is not always
parallel to the earth's present field, and can often be completely reversed.
The remanent field combines vectorially with the ambient and induced field
components. The contribution of the remanent components must be considered in
magnetic interpretations.

Instrumentation

At present, the most widely used magnetometer is the "proton precession" type.
i

This device utilizes the precession of spinning protons of the hydrogen atoms in
a sample of fluid [kerosene, alchohol, or water] to measure total magnetic field
intensity.

Protons spinning in an atomic nucleus behave like magnetic dipoles, which are
aligned [polarized] In a uniform magnetic field. The protons initially aligned
themselves parallel to the earth's field. A second, much stronger magnetic
field is produced approximately perpendicular to the earth's field by

: introducing current through a coil of wire. The protons become temporarily
aligned with this stronger secondary field. When this secondary field is

, removed, the protons tend to realign [precess] themselves parallel to the
earth's field direction. The precessing protons will generate a small electric

I
i signal in the same coil used to polarize them with a frequency [about 2,000 Hz]
L

proportional to the total magnetic field intensity but independent of the coil
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orientation. By measuring the signal frequency, the absolute value of the total
earth field intensity can be obtained to a 1 gamma accuracy. The total magnetic
field value measured by the proton precession magnetometer is the net vector sum
of the ambient earth's field and any local induced and/or remanent perturbations.

A total field proton precession magnetometer can be made portable and does not
require orientation or leveling. There are a few limitations associated with
the precession system. The precession signal can be severely degraded in the
presence of large field gradients [greater than 200 gammas per foot] are near
60-cycle A/C power lines. Also, the interpretation of total field data is
sometimes more complicated than vertical field data which, however, is more time
consuming to take.

Field Techniques

The field operator must avoid or note any sources of high magnetic gradients and
alternating currents, such as power lines, buildings, and any large iron or
steel objects. Readings are taken at a predetermined interval which depends on
the nature of the survey, the accuracy required, and the gradients encountered.
Base station readings, if required, are usually made several times a day to
check for diurnal variations and magnetic storms.

Interpretation

Lateral variations in susceptibility and/or remanent magnetization in crustal
rocks give rise to localized anomalies in the measured total magnetic field
intensity. Geologic structural features [faults, contacts, intrusions, etc.]
and metal objects will cause magnetic anomalies, which can be interpreted to
define the location of the causative source.

After diurnal effects and regional gradients have been removed, magnetic
anomalies can be studied in detail with derivative operations and frequency
filtering employed to define depth and shape.

0150K • 3 •

Weston Geophysical



Because it is a potential field method, there are a number of possible source
configurations for any given magnetic anomaly. There is also an inherent
complexity in magnetic dipole behavior. If the various magnetic field
parameters [inclination, declination, and susceptibility] are well defined, and
some reasonable assumptions can be made regarding the nature of the source, an
accurate source model can generally be derived.

Magnetic anomalies can be analyzed both qualitatively and quantitatively. The
physical dimensions of an anomaly [slope, wave-length, amplitude, etc.] often
reveal enough to draw some general qualitative conclusions regarding the
location and depth of the causative source.

Precise interpretation must be done quantitatively and requires prior knowledge
of earth and remanent magnetic field parameters. Modeling can be performed by
various approximation methods, whereby one reduces the source to a system of
poles or dipoles, or assumes it to be one of several simple, geometric forms
[vertical prism, horizontal slab, step, etc.]. The magnetic properties for this
simplified model can be rather easily defined mathematically. Simple formulas
can be derived which relate readily measurable anomaly parameters, such as
slope, width, and amplitude ratios, to the general dimensions of the anomaly
source, including depth to top, thickness, dip, and width normal to strike.
Since these methods involve very limiting geometric assumptions, the results can
be treated as good approximations only for very simplified sources.
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GENERAL CONSIDERATIONS

The electromagnetic terrain conductivity [EM] survey is a method of obtaining
subsurface information through electric measurements made at the surface of the
earth. The parameter measured with this technique is the apparent conductivity
of the subsurface. The conductivity meter consists of receiver coil and a sepa-
rate transmitter coil which induces an electrical source field [a circular eddy
current loop] in the earth [Figure A-l]. Each one of the current loops generates
a magnetic field proportional to the value of the current flowing within the
loop. A part of the magnetic field from each current loop is intercepted by the
receiver coil and converted to an output voltage which is linearly related to
terrain conductivity. The instrument is calibrated to permit direct reading of
conductivity values in millimhos per meter. The conductivity meter has a vari-
able operating frequency, from 9.6 KH for the EM31 to a range of 6.4 KH to
0.4 KH for the EH34-3. The measurement precision is + 2\ of full scale with
a measurement accuracy of + 5% at 20 millimhos per meter. The operating
frequency of the EM34-3 decreases as the coil spacing increases. Coil spacings
of 10. 20 and 40 meters are standard with the EH34-3.

Geologic materials have unique electrical characteristics and lateral variations
in conductivity values indicate a change in subsurface conditions. The relative
conductivity of earth materials is proportional to their content of water and
dissolved salts or ions. Accordingly, dry sands and gravels, and massive rock
formations would have low conductivity values; conversely, most clays and mate-
rials with a high ion content would have high conductivity values.

FIELD PROCEDURE FOR DATA ACQUISITION

Conductivity measurements are generally made at 10 meter spacings along a survey
line to yield good spatial resolution. Readings taken with the EM31 at a height
of one meter above ground surface are sufficiently accurate but for maximum accu-
racy the instrument can be read at the ground surface. Readings obtained with
the EM34-3 are commonly made with the coils in the vertical cop1anar configura-
tion, horizontal dipole mode [HDM]. Deeper, approximately 15 meters vs. 7.5
meters, penetration with an equivalent coil spacing can be achieved by using the
horizontal coplanar configuration, vertical dipole mode [VDH].
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Ground penetrating radar is an electromagnetic survey technique that reveals a
graphic cross sectional view of layered material below the ground surface. It is
an echo-ranging technique similar to the single-trace reflection method commonly
used in marine subbottom profiling in which reflective layers are traced by echo
patterns generated in response to acoustic impulses. The two techniques differ
in that the acoustic method uses audio frequency sound waves transmitted through
a water medium to the material under investigation. The radar method transmits,
directly to the surface, impulses of radio waves at frequencies up to a thousand
megahertz.

In a radar system [Figure 1], high-frequency impulses of radio energy are
generated by the transmitter. A beam of these impulses is emitted by a special
antenna placed in close proximity to the ground so that it couples electromag-
netically to the surface material. Bach impulse propagates downward through the
ground surface and into the material below. At interfaces, part of the signal is
reflected while part is transmitted still deeper to be reflected by other layers
or isolated bodies. For each impulse transmitted, a string of reflected impulses
is returned to the antenna in a time sequence proportional to the round-trip
travel time to each reflector. After transmitting the outgoing pulse, the system
instantly switches from the transmitter to the receiver in order to detect the
echo signals. When operated in the field during data acquisition, a graphic
recorder provides an immediate view of the data. Data enhancement is possible if
the data are recorded on a magnetic tape recorder for later playback at a slower
speed.

Ground penetrating radar surveys are carried out by pulling the antenna slowly
along a pre-measured survey line. Radar impulses are transmitted in synchronism
with a swept-stylus type graphic recorder. The graphic recorder stylus sweeps
across the paper at a uniform speed and echo signals cause the paper to be
darkened at points proportional to the total travel time to the reflector pro-
ducing the echo. Because the antenna is being pulled forward, each pass of the
stylus represents a slightly different antenna position. As the recorder paper
is pulled under the moving stylus, a pattern of reflective interfaces is
generated.
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Figure 2 shows a typical record and a representation of the radar echo impulses.
The recorder detects the presence of an echo whenever the signal level exceeds a
preset threshold. The paper is darkened to coincide with every exceedance along
any given sweep of the stylus. The pattern of darkened regions on the paper
marks the reflective horizons in the earth. The distance shown on the recorder
paper to any reflector is proportional to its depth below the path of the antenna.

Accurate determination of the depth to any layer requires call- bration of the
radar system.

The depth to an identified reflector such as a pipe, a barrel or a geologic
feature, is the most direct and easiest method available for vertical scale
calibration.

If the depth to an observed reflector is not known, a borehole can be drilled to
establish its depth. This is a more costly procedure, but it provides an exact
depth calibration at each drill location and also allows propagation velocity and
a more precise dielectric constant to be determined.

Depth of penetration in a given material is limited by attenuation of the signal.
Attenuation is a function of dielectric loss and of electrical conductivity loss
which, In a given material, will vary with the amount of water, dissolved salt,
temperature, density, and frequency of the radar impulses. Penetration of up to
75 feet has been reported for water saturated sands in a Massachusetts glacial
delta. The antarctic ice shelf has been penetrated to 230 feet. Vet clays, how-
ever, will attenuate the signal within five feet, and sea water is transparent to
less than one foot. It is important to note that in a layered material a single,
highly reflective layer alone can limit penetration by preventing the propagation
of energy past It. In this case, apparent loss of energy is caused by reflection
rather than by dissipation.

Radar has been used to locate underground pipes, foundations, voids, sand, gravel,
peat, and archeological artifacts. Layered structures in soils and hard rock
have been accurately charted in long continuous profiles. The ease with which
modern systems can be used makes ground penetrating radar a logical choice where
rapid and accurate shallow surveys are required.
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TABLE 1

Table of Typical Electromagnetic Constants
for Earth Materials at Radio Frequencies

Material Dielectric Constant
[relative]

Air

Clay 8-12

Fresh Water
Sea Water

80
80

Granite, dry
Granite, typical

5-19
15

Ice

Limestone 1-15

Sand, Dry

Sandstone, 4% water
Sandstone, dry

11
5

Soil, 42% water
Soil. 8% water

30

4
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APPENDIX H - PUBLIC HEALTH EVALUATION APPENDICES

PHE1 Summaries of Contaminants Found On Site

PHE2 Chemical Toxicity Profiles

PHE3 Estimated Soil Ingestion Rates for Use in Risk Assessments
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Table 1 * Ranking of Selected Cheiicals Detected in Surface Soil

Concentration

Frequency of Mini mm
Detection (b) (ug/kg)

—————— loxiLity
Haxiitm Constant (c)
(ug/kg) (kg/ug)

Indicator
Score (d)

Ranking Based on Potential Carcinogenic Effects

PCBs
arsenic*
hexachlorobenzene
polycyclic aroaatic hydrocarbons (PAHs)
1.2-dkhloroethane
bis (2-ethylhexyl) phthalate
tricolor oethene
tetrachloroethene
chlnr aton

Ranking Based on Noncartinogenic Effects

bis (2-ethylhexyl) phthalate
antiiony
bariui
arsenic
cadiiu*
nickel
lead
trichlorosthene
zinc
copper
PAHs
•ercury
hexachlorobenzene
vanadiui
phenol
toluene
chlorobenzene
ethyl benzene
tetrachloroethene
benzene
dichloraaethane
1.2-dichloroethane
diethyl phthalate
cyanide
acetone
berylliui
iron
total xylenes
hexachlorocyclopentadiene
•anqanese
isophorane
chrotius

14/47
40/47
11/47
13/47
6/47
34/47
28/47
11/47
6/47

Frequency

34/47
10/47
47/47
40/47
7/47
44/47
47/47
28/47
47/47
47/47
13/47
2B/47
11/47
47/47
5/47
29/47
7/47
13/47
11/47
27/47
33/47
6/47
8/47
30/47
21/47
23/47
47/47
18/47
1/47
47/47
3/47
47/47

40 -
7300 -
280 -
150 -
44 -
550 -
2 -
1 -
2 -

Minitui

550 -
16000 -
47000 -
7300 -
3000 -
11000 -
10000 -

2 -
26000 -
10000 -
150 -
100"-
280 -

14000 -
290 -
3 -

4.9 -
3 -
1 -
1 -
2 -
2 -

330 -
310 -
6 -

640 -
11489000 -

7.8 -

29000 -
800 -

10000 -

590000
35000
32000
1600
23000

1400000
86000
4600
42

flax i mia

1400000
545000
244000
35000
112000
56000
116000
86000
803000
67000
1600
800

32000
62000
44000
260000
3600
36000
4600
21
910
42

1600
43600
8200
1900

95300000
210000
53000

2620000
3000

102000

2.86E-08
2.03E-07
1.6BE-08
2.28E-07
2.93E-09
2.86E-11
2.14E-10
4.43E-10
2. 8 IE-09

Toxicity
Constant

2.235-07
2. 17E-07
2.04E-07
9.00E-07
2.23E-07
2.13E-07
4.46E-08
5.26E-08
5..33E-09
3.57E-OB
1.33E-06
9.21E-07
2.00E-OB
7.14E-09
5.02E-09
2.60E-10
7.14E-09
5.52E-10
4.81E-10
5.85E-09
4.60E-11
8.BOE-10
1.34E-H

1.69E-02
7.1 IE-03
5.38E-04
3.65E-Q4
6.74E-05
4.00E-05
1.84E-05
2.04E-06
1.1BE-07

Indicator
Score

3.12E-01
1.1BE-01
4.98E-02
3.15E-02
2.50E-02
1.19E-02
5. 17E-03
4.52E-03
4.2BE-03
2.39E-03
2.13E-03
7.37E-Q4
6.40E-04
4.43E-04
2.21E-04
6.76E-05
2.57E-05
1.99E-05
2.21E-06
1.23E-07
4. 19E-09
3.70E-08
2.14E-03

!a> 1964 surface soil data
(b) Frequency = t detectsd/tsa«oled
(c) USEPfi U9B6)
Id) Indicator sccre = saxisus csncentration I toxicitv constant



Table 2 - Ranking of Selected Cheiicals Detected in Subsurface Soil

Concentration

Frequency of fliniim
Detection (b) (ug/kg)

—————— losiciiy
ttaxiiui Constant (c>
(ug/kg) (kg/ugl

Indicator
Score (d)

Ranking Based on Potential Carcinogenic Effects

PCBs (arochlor 1248)
arsenic
hexachlorobenzene
polycyclic arowtic hydrocarbons (PAHs)
1,2-dichloroethane
trichloroethene
bis (2-ethylhexyl) phthalate
1,1-dichioroethene
tetrachloroethene

Ranking Based on Noncarcinogenic Effects

bis (2-ethylhexyl) phthalate
bariui
arsenic*
nickel
trichloroethene
silver
lead
cadtiui
zinc
copper
hexachlorobenzene
polycyclic aro§atic hydrocarbons (PAHs)
tercury
vanadiuo
1.1-dichloroethane
ethyl benzene
phenol
chlorobenzene
toluene
l,2,4-trichloroben:enE
1,1-dichloroethene
1,2-dichloroethane
tetrachloroethene
1,1,1-trichioroethane
dichloro«ethane
carbon disuHide
cyanide
beryl iiu«
acetone
eanganese
total xylenes
iron
cnrcaiua

5/26
26/26
7/24
16/26
8/26
19/23
25/26
3/26
5/26

Frequency

25/26
26/26
26/26
26/26
19/26
7/26
26/26
9/26
26/26
26/26
7/26
16/26
6/26
26/26
8/26
20/26
6/26
4/26
26/26
4/26
3/26
8/26
5/26
14/26
26/26
9/26
5/26
23/26
25/26
26/26
26/26
26/26
26/26

990 -
12000 -

96 -
43 -
21 -
5 -
47 -
3 -
3 -

Hiniiui

47 -
35000 -
12000 -
10000 -

5 -
2600 -
12000 -
2400 -
34000 -
22000 -

96 -
43 -
34 -

11000 -
5 -
4 -
52 -
3 -
17 -
100 -
3 -
29 -
3 -
6 -
5 -
3 -

1100 -
490 -
26 -

57000 -
9 -

16100000 -
9000 -

310000
27000
59000
630
8900
99000
330000

430
2500

Naximii

330000
245000
27000
42000
99000
4200
84000
13000
448000
51000
59000
630
810

26000
41000
76000
7800
5200

140000
1400
430
8900
2500
24000
5100

10
8800
1600
48000
683000
270000

50600000
732000

2.B6E-08
2.03E-07
1.6BE-OB
2.2BE-07
2.93E-09
2.14E-10
2.86E-11
i.HE-09
4.43E-10

Toiicity
Constant

2.23E-07
2.04E-07
9.00E-07
2.13E-07
5.26E-08
l.OOE-06
4.46E-08
2.23E-07
5.33E-09
3.57E-08
2.00E-08
1.33E-06
9.21E-07
7.14E-09
1.29E-0?
5.52E-10
5.02E-09
7.14E-09
2.60E-10
1.07E-09
1.86E-08
9.BOE-10
4.B1E-10
3.67E-11
4.60E-11
2.12E-08

8.87E-03
5.48E-03
9.91E-04
1.44E-04
2.61E-05
2.12E-05
9.44E-06
2.64E-06
1.1 IE-06

Indicator
Score

7.36E-02
5.00E-02
2.43E-02
8.95E-03
5.21E-03
4.20E-03
3.75E-03
2.90E-03
2.39E-03
1.82E-03
1.18E-03
8.38E-04
7.46E-04
1.36E-04
5.29E-05
4.20E-05
3.92E-05
3.71E-05
3.64E-05
1.50E-05
8.00E-06
7.83E-06
1.20E-06
8.B1E-07
2.35E-07
2.J2E-07

\a) 19S6 subsurface soil data
!b) Frequency = I detected/*sa»pled
!c> USEPft (1986)
id) Indicator scare = saxieui concentration il toxic j tv score



Tacis 3 - Rankino of Selected Chenicals Detected in 6roundnater

Concentration

Frequency of
Detection (fa)

Hiniiui
(ug/D

Haxisui
tug/1)

loxicuy
Constant Ic)

(1/ug)
Indicator
Score (d!

Rankina Based on Potential Carcinogenic Effects

1,2-dichloroethane
polycyclic arciaiic hydrocarbons (PAHs)
I,l-dichloroethyi3ne
trichloroethylene
arsenic is)
bis i2-ethyihejyi) phthaiate

Ranking Based on Noncarcinoqenic Effects

trichloroathylens
bariui
nickel
1.2-dichloroethan2
polycyclic aroiatic hydrocarbons (PAHs)
1,1-dichloreethylene
phenol
zinc
arsenic
l.l-dichloroethane
ethyl benisne
toluene
1,1,1-trichioroethane
dichlorosethane
copper
vanadiui
di-n-butyl phthaiate
isophorcne
chroiiui
iron
acetone
tanoanese
bis (2-sthylhexvl: snthalats

10/23
i/23
3/23
5/23
4/23
19/23

Frequency

5/23
13/23
11/23
10/23
1/23
3/23
5/23
22/23
4/23
9/23
4/23
13/23
7/23
23/23
2/23
4/23
9/23
7/23
7/23
20/23
23/23
19/23
19/23

2 -

1 -
4 -
12 -
3 -

Hiniiui

4 -
4.8 -
12 -
2 -

1 -
260 -
5.5 -
12 -
2 -
1 -
1 -
3 -
1 -

i.l -
7.1 -
2 -
3 -

4.2 -
24 -
2 -
14 -
3 -

130000
77

2600
27000

19
S600

Haxiiui

27000
1550
1120

130000
77

2600
7000
3750

19
12000
11000
20000
53000
24000

20
47
130
2600
55

982000
1300000
72200
9600

5.S6E-05
4.55E-03
1.23E-04
4.29E-06
4.07E-03
5.71E-07

Toxicity
Constant

l.OOE-03
4.0BE-03
4.26E-03
1.76E-05
2.67E-02
3.71E-04
l.OOE-04
1.07E-04
1.80E-02
2.58E-05
1.10E-05
5.20E-06
7.33E-07
9.20E-07
7.14E-04
1.43E-04
3.B1E-05

7.62E*00
3.50E-01
3.20E-01
M6E-01
7.73E-02
4. 9 IE-03

Indicator
Score

2.70E+01
6.32EtOO
4.77E+00
2.2<?E*00
2.06£tOO
9.65E-01
7.00E-01
4.01E-01
3.42E-01
3.10E-01
1.21E-01
1.04E-01
3.8SE-02
2.21E-02
1.43E-02
6.72E-03
4.95E-03

ia) 1986 groundwater cata
Ib) Frequency - *detected/lsa*pled
Ic) USEPft (1986)
id) Indicator score = iaxi»u» concentration X toxicitv constant
(9) All letals concentrations are dissolved concentrations



Table 4 - Ranking of Selected Chesicals Detected in Sroundnater

Concentration

Frequency of
Detection (b)

Minium
!ug/l)

Max ism
iug/11

loxicity
Constant (c! Indicator

U/ug) Score (d)

Ranking Based on Potential Carcinogic Effects

1,2-dichloroethane
polycylcic aroaatic hydrocarbons (PAHs)
1,1-dichloroethylene
arsenic le!
trichloroethylene
bis 12-ethylhexyi) phthalate

Ranking Based on Koncarcinogenic Effects

trichloroethylene
bariui
nickel
1,2-dichloroethane
PAHs
arsenic
1,1-dichloroethylene
phenol
zinc
copper
1,1-dichloroethane
lead
ethyl benzene
toluene
vanadiui
1.1,1-trichloroethane
dichlorotethane
•ercury
di-n-butyl phthalate
chro«iui
bis (2-ethylhexyi) phthalate
tanqanese
beryl HUB
iron
isophorcne
acetone
cyanide

10/23
1/23
3/23
9/23
5/23
19/23

Frequency

5/23
20/23
20/23
10/23
1/23
9/23
3/23
5/23
23/23
21/23
9/23
5/23
4/23
13/23
15/23
7/23
23/23
9/23
9/23
18/23
19/23
22/23
6/23
23/23
7/23
23/23
4/23

2 -

1 -
13 -
4 -
3 -

Mini tun

4 -
12 -
7.5 -
2 -

13 -
1 -

260 -
24 -
0.8 -
2 -
15 -
1 -
1 -

5.2 -
3 -
1 -

0.3 -
î -

4.1 -
3 -

21 -
2.5 -
160 -
3 -
2 -
16 -

130000
77

2600
72

27000
8600

Haxiiui

27000
3520
1210

130000
77
72

2600
7000
4360
502

12000
220

11000
20000
321

53000
24000
0.9
130
318
3600
69500

22
1020000

2600
1300000

239

5.86E-05
4.55E-03
1.23E-04
4.07E-03
4.29E-06
5.71E-07

Toxicity
Constant

l.OOE-03
4.08E-03
4.26E-03
1.76E-05
2.67E-02
1.80E-02
3.71E-04
l.OOE-04
1.07E-04
7.14E-04
2.5SE-05
8.93E-04
1.10E-05
5.20E-06
1.43E-04
7.33E-07
9.20E-07
1.84E-02
3.81E-05

7.62E+00
3.50E-01
3.20E-01
2.93E-01
l.liE-01
4.91E-03

Indicator
Score

2.70E+01
1.44E+01
5.15E+00
2.29E+00
2.06E+00
1.30E+00
9.65E-01
7.C-OE-01
4.67E-01
3.58E-01
3.10E-01
1.96E-01
1.21E-01
1.04E-01
4.59E-02
3.S8E-02
2.21E-02
l.feiE-02
4.95E-03

(a) 1986 groundNater data
(b) Frequency - I detected/lsaapled
(c) U3EPA (19861
!d) Indicator score - iaxiiu« concentration I toxicity constant
le) All netals concentrations are total concentrations



Table 5 - Ranking of Selected Cheflicals Detected in Sediaent

Concentration

Frequency of Mi n: SUB
Detection (b) tug/kg)

• —————— icxiciiy
Haxiaui Constant (c)
tug/kg) (kg/ug)

Indicatcr
Score (d)

Ranking Based on Potential Carcinogenic Effects

arsenic
PCBs
polycydic aroaatic hydrocarbons (PftHs)
1,2-dichloroethane
hexachlorobenzene
bis 12-ethylhexyl) phthalate
heptachlor epoxide
1,1-dichloroethene
vinyl chloride
benzene
trichloroethene

Ranking Based on Noncarcinogenic Effects

bis (2-ethylhexyl) ohthaiate
bariui
arsenic
ant i tony
nickel
vinyl chloride
zinc
lead
copper
PAHs
vanadiua
di-n-butyl phthalate
1.2-dichloroethane
hexachlorobenzene
1,1-dichloroethane
chlorobenzene
trichloroethene
1,1-dichloroethene
benzene
ethyl benzene
dichio'roaethane
1.1,1-trichloroetftane
toluene
chrctiua
cyanide
iron
acetone
nanganese
total xylenes

10/12
3/12
1/12
7/12
1/12

11/12
1/12
4/12
1/12
2/12
3/12

Frequency

11/12
12/12
10/12
9/12
12/12
1/12
12/12
12/12
12/12
1/12

11/12
7/12
7/12
1/12
3/12
4/12
3/12
4/12
2/12
2/12
12/12
9/12
2/12
12/12
7/12
12/32
8/12
12/32
3/52

14000 -
4063 -

3 -

997 -

13 -

10 -
10 -

niniiui

997 -
31000 -
14000 -
52000 -
15000 -

82000 -
23000 -
34000 -

13000 -
339 -
3 -

69 -
8 -
10 -
13 -
10 -
20 -
8 -
27 -
20 -

10000 -
2400 -

31800000 -
B -

112000 -
4 -

38000
21000
309

16608
518

291808
8.1
15
102
25
20

Maxiitui

29180B
170000
38000
143000
65000

. 102
1570000
92000
74000
309

31000
55738
16608
518
2261
329
20
15
25
74
870
787
74

73000
74000

166000000
240

2610000
67

2.03E-07
2.86E-08
2.2BE-07
2.93E-09
1.68E-08
2.86E-11
4.14E-07
6. 14E-09
2.14E-10
3.36E-10
2.14E-10

Toxicity
Constant

2.23E-07
2.04E-07
9.00E-07
2.17E-07
2.13E-07
B.77E-05
5.33E-09
4.46E-08
3.57E-08
1.33E-06
7. 14E-09
1.90E-09
B.80E-10
2.00E-08
1.29E-Q9
7.14E-09
5.26E-08
1.B6E-08
5.B5E-09
5.52E-10
4.60E-11
3.67E-11
2.60E-10

7.71E-03
6.01E-04
7.05E-05
4.97E-05
8.70E-06
8.35E-06
3.35E-06
9.21E-03
2.1SE-08
9.65E-09
4.2SE-09

Indicator
Score

6. 5 IE-02
3.47E-02
3.42E-02
3.10E-02
1.38E-02
8.95E-03
8.37E-03
4. 1C€-03
2.64E-03
4. 11 £-04
2.21E-04
1.06E-04
1.46E-05
1.04E-05
2.92E-06
2.35E-06
1.05E-06
2.79E-07
1.46E-07
4.0SE-08
4.00E-OS
2.S9E-OB
i , Qw-09

fa- 19B5-6 sediaent data
!b) Freouency = fdetected/tsaesled
ic> USE?A (1986!
id) Ind:cater scsre - ";axis'jn :;r!:?



Table 6 - Ranking of Selected Cheaicals Detected in Surface Water

Concentration

Frequency of
Detection (b)

Minimi
(ug/1)

————— iQxicuy
Maxiaua Constant (c)
(ug/1) (1/ug)

Indicator
Score (d)

Ranking Based on Potential Carcinogenic Effects

arsenic te)
polycyclic aroaatic hydrocarbons (PAHs)
1,2-dichloroethane
tetrachloroethene
hexachloroethane
vinyl chloride
trichloroethene
bis (2-ethylhexYl) phthalate

Ranking Based on Noncarcinogenic Effects

seieniua
nicke!
arsenic
antiaony
zinc
bariui
cadaiua
copper
PftHs
chlorobensene
trichloroethene
1.2-dichioroethane
vanadiuii
1,1-dichloroethane
vinyl chloride
tetrachloroethene
hexachloroethane
1,1,1-trichloroethane
toluene
beryUiua
chroniui
total xylenes
bis (2-ethylhexyl) phthaiate
isophorone
•anganese
iron
acetone

1/6
1/6
4/6
1/6
1/6
1/6
1/6
6/6

Frequency

1/6
5/6
1/6
1/6
6/6
5/6
1/6
6/6
1/6
2/6
1/6
4/6
1/6
3/6
1/6
1/6
1/6
3/6
3/6
1/6
3/6
2/6
6/6
1/6
6/6
6/6
6/6

39 -

4 -

Hiniaua

20 -

15 -
9.9 -

9.4 -

2 -

38 -

3 -

5 -
1 -

4.2 -

4 -

212 -
657 -
15 -

25
3
78
24
14
7
6
14

Kaxiaua

16
322
27
43

1660
34
23
122
3
59
6
78
9.3
34
7
24
14
29
2

7.9
22
1

14
4

7880
131000

47

4.07E-03
4.55E-03
5.36E-05
8.B6E-06
2.29E-06
4.29E-06
4.29E-06
5.71E-07

Toxicity
Constant

1.05E-01
4.26E-03
l.BOE-02
4.35E-03
1.07E-04
4.08E-03
4.45E-03
7.14E-04
2.67E-02
1.43E-04
l.OOE-03
1.76E-05
1.43E-04
2.58E-05
8.77E-05
9.62E-06
6.62E-06
7.33E-07
5.20E-06

1.02E-01
1.37E-02
4.57E-03
2.13E-04
3.21E-05
3.00E-05
2.57E-05
7.99E-06

Indicator
Score

1.68E+00
1.37E+00
4.86E-01
1.87E-01
1.78E-01
1.39E-01
1.02E-01
8.71E-02
6.01E-02
S.44E-03
6.00E-03
i . 37E-v3
1.19E-03
8.77E-04
6.14E-04
2. 3 IE-04
9.27E-05
2.13E-05
1.04E-05

(a) 19B6 onsite and downstreas surface Mater data
!b) Frequency = i detected/I sampled
ic! UEEPft 119861
id) Indicator score = 'aaxiaua concentration I toxic i ty constant
ie) Metals concentrations are dissolved concentrations



APPENDIX PHE 2



ACETONE

INTRODUCTION

Acetone is a widely used industrial solvent that is found in paints,
varnishes, and lacquers. The rapid evaporation rate of acetone ma VPS it
useful for cleaning and drying precision parts.

t.
PHARMACOKENETICS

Several studies in humans and animals indicate that acetone is absorbed
through the oral and pulmonary routes of exposure (EPA 1984) . Orally
administered acetone is eliminated through the expired air and in the urine
(EPA 1984) .

QUALITATIVE DESCRIPTION OF HEATfTH

Acetone has not been tested in a carcincgenicity bioassay but was found to be
nonmutagenic in microbial assay systems and cell transformation systems (EPA
1984) . Acetone gave negative results in assays that tested for chromosomal
aberrations, sister-chromatid exchange, ENA cell binding, and point mutation
in mouse lymphoma cells (EPA 1984) .

No changes in clinical chemistry variables or histological changes in the
liver, brain, kidneys, lungs, or heart were found in rats exposed to acetone
vapors at levels of either 0 or 19,0000 ppm for 3 hours/day, 5 days/week for
8 weeks. Slight decreases in organ weights and body weights were observed in
rats killed during exposure but not in rats killed 2 weeks after exposure
(Bruckner and Peterson 1981) .

QUANTITATIVE DESCRLKT.LON OF HEALTH

Based on EPA guidelines for the assessment of carcinogen risk (EPA 1986) ,
acetone is most appropriately classified Group D — Not Classified. This



category applies to agents for which there is inadequate evidence of
carcinogenicity from human and animal studies.

EPA (1984) determined an acceptable intake subchronic (AIS) of 2,096 rag/day
for acetone based on the inhalation study in rats by Bruckner and Peterson
(1981) using a no-observed-adverse-effect level (NQAEL) OF 19,000 PPM.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986)
reconmended a time-weighted average threshold limit value of 750 ppm
(1,780 mg/m3) for occupational exposure to acetone. The National Institute of
Occupational Safety and Health (NIOSH 1978) reconmended an exposure limit of
250 ppm for acetone.
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ANTLMDNY

INTRODUCTION

Antimony (Sb) is a brittle, silver-white metal with specific gravity 6.68,
atomic nunber 51, and an atomic weight of 121.75 g/mole. In compounds,
antimony exists in the 4-3 and +5 oxidation states; the most important
Sb compound in commerce is Sb2°3' but tri-and penta-sulfides and -chlorides
are also commonly utilized. Antimony compounds are utilized in therapeutics
for schistosomiasis and other parasitic infections.

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

The incidence of lung cancer deaths in smelter workers at the Newcastle- (
upon-T^ne (Great Britain) antimony and zircon works MBS slightly higher
than expected (NIOSH 1978). However, definitive conclusions on the carcino-
genicity of antimony could not be developed because the sample size was
small, workers may have been exposed to other agents, and only two workers
were nonsmokers. Presently available experimental studies with animals
do not implicate antimony as a carcinogen.

A single report (Balyeava 1967) indicated an increase in late occurring
spontaneous abortions (12.5% vs. 4.1% expected), premature births (3.4%
vs. 1.2% expected), and gynecological problems (77.5% vs. 56% expected)
in 318 female workers exposed to mixed dusts of antimony metal, Sb2°3
and Sb2S5, when compared with a control population. Studies reported
by the sane author, in which rats were administered 50 rag/kg antimony
intraperitoneally or 250 mg/ra Sb-OU dust 4 hr/day up to day 16 of gestation
reported reduced litter sizes and abnormalities of the uterus and ovaries
which were believed to complicate ©violation and implantation (Balyeava
1967) . Casals (1972) observed no fetal abnormalities when 125 or 250 nig/kg
antimony dextran glycoside was administered to pregant rats, although
other reports indicate reduced rate of growth when rats were fed a diet
containing 2% Sb-Oj (Gross et al. 1955), and a shortened life span of



rats provided 5 ppm potassiun antimony tartrate in drinking water (Schroeder
et al. 1970) .

Cardiovascular changes associated with exposure to antimony represent
a serious health effect. Exposure to either trivalent or pentavalent
antiraonial compounds can produce electrocardiogram (BOG) changes in humans.
Histopathological evidence of cardiac edema, myocardial fibrosis, and
other signs of myocardial structural damage indicates that antimony may
produce even more severe, possibly permanent, myocardial damage in humans.
Parallel findings of functional changes in EGG patterns and of histopatho-
logical evidence of myocardial structural damage have also been obtained
in animal toxicity studies. Pneumoconiosis in response to inhalation
exposure and dermatitis in response to skin exposure have also been observed
among individuals exposed to antimony or its compounds. {

QUANTITATIVE DESCRIPTION OF HEAUH EFFECTS

EPA (1986) calculated a reference dose (PfD) for oral exposure to antimony
of 0.4 ug/kg/day (28 ug/day for the average person weighing 70 kg) based
on a chronic oral bioassay in rats conducted by Schroeder et al. (1970) .
In this study, rats administered 0.35 mg/kg/day antimony in their drinking
water exhibited decreased longevity and altered blood glucose and cholesterol
levels. EPA used this study and an uncertainty factor of 1,000 to arrive
at the PfD of 0.4 ug/kg/day.

3IOSH recommends a standard of 0.5 mg/m in its Criteria Document (NIOSH
1978) for protection of workers from EGG alterations, dermatitis, mucous
membrane irritation, and possible pneunoconiosis. The American Conference
of Governmental Industrial Hygienists (ACGIH) recommends a time-weighted
average Threshold Limit Value (TLV) of 0.5 mg/m . However, there is uncer-
tainty associated with this standard because of a report of increased
lung cancer among workers in one smelter exposed to Sb (Davies 1973) and
also reported spontaneous late abortions and premature deliveries among



Soviet women workers in antimony smelting and processing (Balyeava 1967
as cited in Stokinger 1981) .

Only occupational guidelines for exposure to airborne antimony were available.
Therefore, a reference concentration for antimony was calculated using
the procedures outlined by EPA in their health effects assessment documents.•i •» 3
The TLV of 0.5 mg/m is multiplied by 10 m /20 m to adjust for the difference
in breathing rates between workers (10 m for an 8-hour workday) and the
average person (20 ra for 24 hours exposure) and by 5/7 to adjust for
a 5 day workweek. This adjusted TLV is then divided by an uncertainty
factor of 100 to protect individuals in the general population who may
be especially sensitive to the chemical agent and to compensate for differ-
ences in exposure duration (workers are exposed for less than their full
lifetime; the average person is assumed to be exposed for their full lifetime).
3ased on this calculation, the reference concentration for airborne antimony
is 1.8 ug/m .

EPA (1980) has established an Ambient Water Criterion (AWQC) of 146 ug/liter
for the protection of human health from the toxic effects of antimony
ingested through water and aquatic organisms and a criterion of 45 mg/liter
for antimony exposure through the ingestion of aquatic organisms only.
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BARIUM

INTRODUCTION

Barium 1s a reactive metal which exists 1n nature as a number of salts such as
barium sulfate (BaSÔ ) and barium carbonate (BaCOO (EPA 1984). These
mineral forms are relatively Insoluble 1n water (EPA 1985a).

PHARHACOKINETICS

In experimental animals, barium absorption varies with the species of animal,
the compound tested, the age of the animal, and the dietary composition (EPA
1985a). Barium was found to distribute widely 1n the mouse but was
principally found 1n the bone (Dencker et al. 1976). In humans, barium is I
primarily excreted via the feces (Tipton et al. 1966).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Barium carbonate and more soluble barium compounds are quite toxic to humans.
Doses of barium carbonate and barium chloride of 57 mg/kg and 12 mg/kg,
respectively, were fatal when ingested by humans. Toxic effects of ingestion
Include gastroenteritis, muscular paralysis, hypertension, cardlotoxicity
including ventricular fibrillation, and damage to the central nervous system
(Perry et al. 1983). Inhalation of barium sulfate or barium carbonate dust
causes barltosls, a benign pneumoconiosis, in occupationally exposed workers.
This effect 1s reversible upon cessation of exposure.

No information on the cardnogenicity, teratogenldty, mutagenlcity, or
chronic toxlclty of barium compounds was found in the literature reviewed.

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Using the EPA Carcinogen Assessment Group's criteria for evaluating weight of
evidence of card nogeni dty 1n humans (EPA 1986), barium is most appropriately



classified 1n Group D—Not Classified. This category applies to agents with
Inadequate animal evidence of cardnogenldty.

ERA (1976) has established a maximum contaminant level (MCL) drinking water
standard of 1 mg/llter for barium.

ERA (1985b) recently calculated an acceptable dally Intake (ADD for barium
based on a study by Perry et al (1983) 1n which rats were exposed to 1, 10, or
100 mg/liter barium 1n drinking water for 1 to 16 months. A
lowest-observed-adverse-effect level of 100 mg/l1ter (5.1 mg/kg/day) was
identified based on the occurrence of hypertensinogenic and cardlotoxic
effects. Applying an uncertainty factor of 100 (10 for interspecies
extrapolation and 10 for sensitive Individuals), an ADI of 0.051 mg/kg/day was
recommended. An uncertalny factor of 100 rather than the traditional
1,000-fold factor was used because of the minimal exposure of the rats to I
trace elements (e.g., calcium) in the experiment. ERA (1985b) determined that
this lack of calcium could contribute to the hypertensinogenic effects
observed. Based on the AOI of 0.051 mg/kg/day and factoring in data on human
exposure (0.7 mg/day via diet and 0 mg/day via air), ERA (1985b) recommended a
maximum contaminant level goal (MCLG) of 1.5 mg/liter.

The American Conference of Governmental Industrial Hyglenists (ACGIH 1986) has
recommended a time-weighted average threshold limit value of 0.5 mg/m for
soluble compounds of barium and 10 mg/m for barium sulfate as a nuisance
dust.

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH). 1986.
Documentation of Threshold Limit Values and Biological Exposure Indices.
5th ed. Cincinnati, Ohio

DENCKER, L., NILSSON, A., RONNBACK, C., and HALINDER, G. 1976. Uptake and
retention of '"Ba and 140Ba-140|_a 1n mouse tissue. Acta Radlol.
15:273-287 (As cited 1n ERA 1985a)

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1976. National Interim Primary
Drinking Nater Regulations. Office of Drinking Hater, Washington, D.C.
EPA 570/9-76-003 (As cited 1n EPA 1985a)



ENVIRONMENTAL PROTECTION AGENCY (EPA). 1984. Health Effects Assessment for
Barium. Environmental Criteria and Assessment Office, Cincinnati, Ohio.
September 1984. EPA 540/1-86-021

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1985a. Health Advisory for Barium.
Office of Drinking Hater, HasMngton, D.C. September 1985

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1985b. National primary drinking
water regulations, synthetic organic chemicals, Inorganic chemicals and
microorganisms; proposed rule. Fed. Reg. 50:46936-47002 (November 13,
1985)

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1986. Guidelines for carcinogen risk
assessment. Fed. Reg. 51:33992-34003 (September 24, 1986)

PERRY. H.M., KOPP, S.J., ERLANGER, M.H., and PERRY, E.F. 1983.
Cardiovascular effects of chronic barium ingestion. In Hemphill, D.D.,
ed. Trace substances in Environmental Health - XVII. Proceedings of the
University of Missouri's 17th Annual Conference on Trace Substances in
Environmental Health. University of Missouri Press, Columbia, Missouri
(As cited 1n EPA 1984, 1985a) j

TIPTON, R.H., STEWART, P.L., and MARTIN, P.G. 1966. Trace elements in diets
and excreta. Health Phys. 12:1683-1689 (As cited In EPA 1985a)



BIS(2-ETHYLHEXYL)PHTHALATE

INTRODUCTION

Bis(2-ethylhexy1)phtha1ate (DEHP) 1s widely used as a plastldzer, primarily
in the production of polyvlnyl chloride resins (ERA 1980). Polyvlnyl chloride
resins are used 1n construction materials, home furnishings, transportation,
apparel, and food and medical packaging materials.

PHARMACQKINETICS

The primary route of exposure to DEHP 1s via inhalation; ingestlon of DEHP
from surface water and from foods and beverages packaged in polyvlnyl chloride
products can also occur. Dermal absorption of DEHP 1s also likely (EPA 1980).

|
DEHP and its metabolites are readily absorbed from the gastrointestinal tract,
intraperltoneal cavity, and lungs. The absorption, distribution, and
elimination of DEHP can be Influenced by the vehicle 1n which 1t 1s
administered (EPA 1980).

Absorbed DEHP 1s distributed to various organs and tissues in animals and
humans, primarily to the lungs, heart, liver, kidney, gonads, and spleen.
Excretion of DEHP occurs 1n urine and feces; excretion Into bile also occurs
and can Increase the amount of DEHP (or metabolites) in the Intestine (EPA
1980).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

DEHP is reported to be carcinogenic in rats and mice, causing increased
incidences of hepatocellular carcinomas or neoplastic nodules following oral
administration (NTP 1982).



MUTAGENICITY

The results of dominant lethal experiments 1n mice suggest that DEHP is
mutagenic when Injected 1ntraper1toneal1y (S1ngh et al. 1974). However, most
experiments conducted with microorganisms and mammalian cells have failed to
demonstrate genotoxlc activity (ERA 1980).

TERATOGENICITY/REPRODUCTIVE EFFECTS

S1ngh et al. (1972) reported dose-related gross or skeletal abnormalities in
mouse fetuses from pregnant females Injected 1ntraper1toneally with 5 or
10 ml/kg DEHP. Nlkonorow et al. (1973) orally administered 0.34 and
1.70 g/kg/day DEHP to pregnant rats during the gestation period and reported a
reduction 1n fetal weight and Increased number of resorptlons. Other
reproductive effects, Including testlcular changes 1n mice and rats, have also
been reported (NTP/IRLG 1982). *

ACUTE/CHRONIC TOXICITY

DEHP appears to have a relatively low toxldty 1n experimental animals. The
oral, 1ntraper1toneal, and Intravenous LD5Q values reported for DEHP In rats
are 31 g/kg, 30.7 g/kg, and 0.25 g/kg, respectively. DEHP 1s poorly absorbed
through the skin, and no Irritant response or sensitizing potential from
dermal application has been note 1n experimental animals or humans (NIOSH
1985, NTP/IRLG 1982. EPA 980).

Chronic exposure to relatively high concentrations of DEHP in the diet can
cause retardation of growth and Increased liver and kidney weights 1n
experimental animals (NTP/IRLG 1982, EPA 1980).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying EPA's criteria for evaluating the overall weight of evidence of
cardnogenldty (EPA 1986a), DEHP would be most appropriately classified in
Group 82—Possible Human Carcinogen. This category applies to agents for



which there Is Inadequate evidence of card nogeni city In humans and sufficient
evidence of card nogeni dty in experimental animals.

Because DEHP has been identified as a hepatocarcinogen in B6C3F, mice and
F344/N rats (NTP 1982), 1t 1s prudent to consider the potential
card nogeni dty of this compound. Using the NTP (1982) data for male mice,
EPA (1986b) recently calculated an oral cancer potency factor (q,*) of
6. 86x1 (T4 (mg/kg/day)'1 .

More recently, EPA (1986b) recommended a reference dose (RfD) of
0.02 mg/kg/day for DEHP. This value was based on a study by Carpenter et al .
(1953) in which guinea pigs were fed diets containing 0, 0.04, or 0.13X DEHP
for 1 year. No treatment-related effects were observed on mortality, body
weight, kidney weight, or on gross pathology or hlstopathology of kidney,
liver, lung, spleen, or testes. Statistically significant Increases 1n
relative liver weights were observed in both groups of treated females (64 and
19 mg/kg/day). Using 19 mg/kg/day as the lowest-observed-adverse-effect level
and a safety factor of 1,000, the RfD of 0.02 mg/kg/day was derived.

EPA (1980) derived an acceptable dally Intake (ADD for DEHP from the results
of a chronic ingestlon study 1n rats, guinea pigs, and dogs. Although details
of this derivation were not presented, an ADI of 0.6 mg/kg/day (42 mg/day) was
calculated. Based on this value, EPA recommended an ambient water quality ^
criterion (AHQC) of 15 mg/ liter for protection of human health from the toxic
properties of DEHP Ingested through water and contaminated aquatic organisms.
The AHQC for exposure to DEHP in drinking water alone would be 21 mg/ liter.
The lower value of 15 mg/ liter was used to back-calculate an acceptable intake I
chronic (AIC) of 0.86. ^

-1SUMMARY OF DEHP CRITERIA

EPA carcinogen classification Group B2 _[
Oral cancer potency factor (qi*) 6.86xlO-4 (mg/kg/day)-1

RfD 0.02 mg/kg/day -L

1
1



ANQC:
Ingestlon of water and aquatic organisms 15 ing/liter
Ingestlon of water 21 mg/Hter
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CADMIUM

INTRODUCTION

Cadmium is an element of the transitional metal series that occurs widely
in nature, usually in lead or zinc ores. Elemental cadmium is insoluble
in water, although many cadmium salts are quite soluble (EPA 1985 a,b).
The general human population is exposed to cadmium in drinking water and
food; cigarette smoke also contains high levels of cadmium. Additional
inhalation exposure occurs in industrial settings (EPA 1985a,b).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS
f

i
The toxicology of cadmium has been reviewed by Friberg et al. (1974), '
IARC (1976), and EPA (1980, 1981, 1985b,c). Injection of cadmium into
laboratory animals results in injection-site sarccmas and testicular tumors
of the Leydig cells (EPA 1981). A relationship between human exposure
to cadmium and cancer of the prostate, lung, or kidney has been suggested
by several epidemiological studies (Thun et al. 1985, EPA 1985b). Cadmiun
may impair DMA repair but has not been shown to be mutagenic. It is a
well-documented animal teratogen.

Cadmium bioaccunulates in mammals, particularly in the kidney and liver
(EPA 1981, 1985c). Epidemiological studies have revealed an association
between normalignant pulmonary diseases and inhalation of cadmium. Renal I
tubular dysfunction, of which the first sign is proteinuria, occurs at
lower levels of oral or inhalation exposure to cadmium and may be the i
primary defect responsible for the bone damage characteristic of Itai-Itai J.
disease. It is also suspected that chronic exposure to cadmium produces
hypertension, anemia, sensory loss (particularly smell), endocrine alterations, _[
and immunosuppression in humans.

i
1
1



DESCRIPTION OF HEALTH EFFECTS

INGESTION TOXICm

The maximum contaminant level (MCL) established for cadmium by SPA in
its national interim primary drinking water standards and the Ambient
Water Quality Criterion for the protection of human health are both 10
ug/liter (EPA 1980, CFR 1984). EPA established the standard for cadmium
on the basis of the "generally accepted" estimate of 200 ug/g wet weight
of cadmium in the renal cortex as the critical concentration for renal
toxicity. Friberg et al. (1974) estimated that daily ingestion of 250-330 ug
cadmium over 50 years would result in such renal concentrations. Other
more recent reviews suggest that 200 ug/day is an acceptable daily limit -

!

for cadmium intake. (

The EPA Office of Drinking Water has recently promulgated a proposed Recommended
Maximum Contaminant Level (RfCL) of 0.005 rag/liter. The proposed RMCL
is based on the estimate of 200 ug/g wet weight of cadmium in the renal
cortex as the critical concentration for renal toxicity (Freiberg et al.
1974) and a 25% contribution to daily exposure from drinking water. The
proposed RMCL is comparable to the (AS and MHO guidelines of 0.005 mg/liter
(EPA 1985a) .

Aughey et al. (1984) reported that treatment of male Wistar rats for only
24 weeks with 50 rag/liter cadmium in their drinking water produced clear
symptoms of nephritis when the accumulated renal concentration of cadmium
was 60 ug/g wet weight. This last concentration is less than one-third
the 200 ug/g wet weight identified as the critical level in humans.

Cadmium and some of its compounds are known to be carcinogenic in experimental
animals exposed by injection or inhalation, but the carcinogenic effects
are absent when cadmium is administered orally (EPA 1985b) . It is not
known which cadmium compounds are responsible for the inhalation carcinogenic
effects in humans.



INHAIATION TOHCITY

EPA (1931) has reviewed the health risks posed by airborne cadmium compounds
in considerable detail, while studies on the carcinogenicity of cadmium
compounds have been reviewed by the IARC (1976). Both reviews were updated
by EPA (1985b), which also presented a risk assessment for exposure to
airborne cadmium.

Applying the criteria described in EPA's Guidelines for Assessment of
Carcinogenic Risk (EPA 1986), cadmium has been classified by EPA (1985a)
on the basis of inhalation data in Group 31—Probable Human Carcinogen.
This category applies to agents for which there is limited evidence fron
human studies and sufficient evidence from animal studies (EPA 1984). t{
The evidence that exposure to airborne cadmium compounds increases the
risk of cancer in humans is characterized as limited (IABC 1982, EPA 1985b).
Although several studies of exposed workers have suggested that airborne
cadmium increases the risk of cancer of the lung or prostate, most of
the results have been inconclusive because of small sample sizes, lack
of statistical significance, confounding effects of other exposures, or
other factors. The most recent study (Thun et al. 1985), however, showed
a significant increase in the number of lung cancer deaths (16 observed
versus 6.99 expected) anong a group of cadmium smelter workers. Although
this finding may be somewhat confounded by the effects of smoking and
exposure to arsenic, EPA (1985b) concluded that neither of the latter
was sufficient to explain the observed effect.

EPA (1985b) based its quantitative risk assessment for inhaled cadmium
on the study by Thun et al. (1985). Very scanty information on exposure
levels and incomplete information on exposure duration were used to compile
a single average measure of cumulative exposure of the exposed workers.
This was converted to a lifetime average exposure level. The extent of
the deviations of the exposure estimates from the actual exposure is unknown.
Use of the lifetime average exposure level in the risk calculations incor-
porates the questionable assumption that exposure to cadniun at any time



during life would lead to the same increase in lifetime risk of lung cancer.
The data were then fitted to a model which assumed that the effect of
exposure to cadmium would be to increase the background rate of lung cancer
by a factor proportional to the lifetime average exposure level. The
selection of this model was arbitrary, in that no information on the dose-
response relationship was provided between exposure and induction of lung
cancers, and excess risk is likely to be very conservative. The best
estimate of the exposure and response of the exposed population gave rise
to a "unit risk" estimate of 1.8x10 (ug/m ) . However, because of
uncertainties in the estimates of both exposure and response, the range
of uncertainties in the unit risk estimate was very wide, ranging fron
4.3x10 to 3.8x10 (ug/nr) . The last figure was obtained by combining
"worst case" estimates of all exposure and risk parameters, and probably,
represents a "worse than worst case" calculation. I

Given the severe limitations of the available date, this quantitative
risk assessment appears as reasonable as could be achieved. However,
the estimate of "unit risk" is extremely uncertain and probably extremely
conservative. The study itself is not regarded as fully conclusive in
showing any increased cancer risk and at least part of this is attributable
to confounding factors. The exposure estimates are very uncertain, the
assumption of a linear exposure response relationship is arbitrary, and
the extrapolation over a range of 5 orders of magnitude in dose is very
tenuous. Thus, the estimate of "unit risk" presented by EPA (1985b) could
be inaccurate and is likely to be conservative when applied to general
population exposure.

Recent studies have firmly associated inhalation of airborne cadmium with
lung cancer in animals. In a bioassay in which male Wistar rats were
administered cadmium chloride aerosols 23 hours/day for 18 months at con-
centrations of 0, 12.5, 25, and 50 ug/m3, Takenaka et al. (1983) found
a highly significant dose-response relationship. The incidence of lung
carcinomas was 0/38, 6/39, 20/38, and 25/35 in the four treatment groups.
This marked response adds further support to the evidence on the carcinogeni-
city of inhaled cadmium and justifies the use of Thun et al.'s (1985)



data as the basis for risk assessments of airborne cadmium. Like the
injection-site sarcomas and Leydigoraas reported in animals (EPA 1995b),
these lung carcinomas might be interpreted as carcinogenic responses in
the directly exposed tissue only.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986)
recommends a time-weighted average Threshold Limit Value (TLV) of 0.05
mg/nr for all forms of cadmium dusts and salts and a ceiling limit of
0.05 rag/m for cadmium oxide fume.

SUW&K?

Cadmium has not been demonstrated to be a systemic carcinogen, but it
!

has been shown to be a highly potent pulmonary carcinogen (see Takanaka '
et al. 1983) and renal effects are associated with ingestion. For inhalation,
the unit risk value of 1.8x10 (ug/ra ) is an appropriate basis for
risk assessment. This unit risk was derived from epidemiological data
and does not incorporate any conservative assumptions (except that the
dose-response relationship is linear), but it is subject to a wide range
of uncertainty. For ingestion, the calculations upon which the MCL and
ambient water quality criterion are based are equally applicable to ingestion
via soil or other media. Based on the assessment of Friberg et al. (1974),
daily ingestion of 20 ug cadmium (in addition to background exposure via
food) would contribute between 6% and 8% of the estimated critical daily
intake of cadmiun. This intake of 20 ug/day from other than normal dietary
sources was intended to provide an ample margin of safety, but Aughey
et al.'s (1984) study suggests that it may not be as conservative as originally
intended. The EPA Office of Drinking Water has recently promulgated a
proposed Recommended Maximum Contaminant Level of 5 ug/liter for cadmium
(EPA 1985d). This value is based on a reference dose of 5x10 mg/kg/day
after allowing for contribution to daily exposure by other routes.

m
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3unnary of Cadmium Criteria

EPA carcinogen classification Group 31

Oral chronic allowable intake 5x10 mg/kg/day

Inhalation carcinogenic potency (q») 6.1 (rag/kg/day)

Maximum Contaminant Level (MCL) 10 ug/liter

Proposed RMCL 5 ug/liter

EPA Drinking Water Health Advisories

Lifetime Health Advisory (HA) 5 ug/liter

Longer-term HA
Child 5 ug/liter
Adult 18 ug/liter

Shorter-term HA
10-day HA (child) 8 ug/liter
One-day HA (child) 43 ug/liter

AWQC

Ingestion of water and aquatic organisms 10 ug/liter
Freshwater aquatic life chronic toxicity exp(0.7852(ln hardness)-3.490)
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CHROMIUM

KUBOXJCnON

Chromium is a steel-grey lustrous metal with the atonic number 24 and
an atomic weight of 52 g/mole. It can have a valence of 2, 3, or 6.
Chromium is used in stainless and alloy steels, in corrosion-resistant
products, in pigments, and as a tanning agent for leather.

QUALITATIVE DESCRIPTION OF HEALTH Kfc'fc'KCTS

Chromium is an essential nutrient for normal glucose metabolism, and low
level exposure to chromium compounds has not been found to result in systemic
toxicity. However, hexavalent chromium (Cr VI) compounds are strong oxidizing
agents, a characteristic that explains much of their irritating and toxic
properties (E2A 1980). Chronic inhalation of dust or air containing Cr
VI in the form of chromic acid or as soluble salts may cause respiratory
problems including irritation, perforated or ulcerated nasal septa, and
decreased spironetric values. Studies of acute exposure of humans and
animals using a variety of routes of administration have indicated that
soluble Cr VI and trivalent chromium (Cr III) compounds can produce kidney
and liver damage, although the dose levels employed were relatively high.
From the evidence available from both human case reports and animal studies,
it is uncertain whether the kidneys and liver may be target organs following
chronic exposure to chromium compounds. Dermal exposure to chromic acid
or chromium VI salts may cause contact dermatitis, sensitivity, and ulceration
of the skin (EPA 1984a).

E&idemiological studies of worker populations have clearly established
that inhaled Cr VI is a human carcinogen, with the respiratory passages
and the lungs as target organs. Convincing evidence for carcinogen!city
of Cr VI compounds in animals is not available, except for the induction
of sarcomas at the sites of implantation or injection of certain chromium
VI salts and chromium trioxide (EPA 1980, 1984a).



Neither chromium III or chromium IV compounds have been shown to be carcino-
genic by the oral route. Rats administered chromium III oxide at doses
up to 5% of their diet for two years had no increase in tumor rates over
control animals (Ivankovic and Preussmann 1975 as cited in EPA 1984a).
Dogs given Cr VI as potassium chronate at concentrations of 0.45 to 11.2
rng/liter in drinking water for 4 years had no observed adverse effects
(Anwar et al. 1961 as cited in EPA 1984a).

QUANTITATIVE DESCRIPTION CF HEALTH EFFECTS

The health risks posed by airborne chromium III and chromium VI have been
reviewed in considerable detail by EPA (1984b). Studies on the carcino-
genicity of chromium compounds were earlier reviewed by the International

w

Agency for Research on Cancer (1980). A risk assessment for exposure t
to airborne chromium VI was included in the health assessment document
by EPA (1984b). The following summary is based in part on these reviews
and risk assessments, augmented by review of key primary papers. However,
Clement scientists were not able to review the unpublished study by Mancuso
(1975) which served as the primary basis for EPA's risk assessment.

EPA (1984b) based its quantitative risk assessment for inhaled hexavalent
chromium on an unpublished study by Mancuso (1975). This study, although
limited, was judged to be more adequate for risk assessment than three
other studies (conducted in Norway, Sweden, and the USSR) which suffered
from deficiencies in measurement of exposure, statistical power, and reporting.
Mancuso1s study showed excess risks of lung cancer in workers exposed
to chrcmates between 1931 and 1937 and followed until 1974. Lung cancer
risks increased with duration of exposure and with age. Estimates of
cumulative exposure to soluble, insoluble, and total chromium were derived
from a single set of industrial hygiene measurements taken in 1949. Smoking
habits of the workers were not determined or discussed.

To construct dose-response relationships, EPA (1984b) converted all exposure
data into average lifetime ambient concentrations. This is equivalent
to assuming that exposure to chromium at any time during life leads to



the same increase in lifetime risk of lung cancer; this assumption is
questionable, especially in view of the fact that measures of exposure
were available for only one year. The data were fitted to a dose-response
relationship of the Weibull type, in which cancer risk is assumed to be
proportional to age raised to the kth power and to a second order polynominal

2
(ad + bd ) in dose d. Fitting the data to observed estimates of age-specific

.cancer risk and average exposure of the chromate workers, SPA estimated
that k was approximately 1.9 and both the linear and quadratic terns in
d were significant. At low doses, the term ad dominates the risk calculations,

_9and for lifetime exposure the "unit risk" was calculated to be 1.2x10
(ug/m ) . However, because of small sample size (only 35 observed lung
cancer deaths distributed over 9 age-exposure classes), the statistical
uncertainty of this estimate was very high (standard deviation = 7 x mean).
Expressed in terms of total intake, the cancer potency factor was calculated
as 41 (mg/kg/day)"1 (EPA 1984b).

Although Mancuso's unpublished study is not available for independent
review, EPA's procedures in using the data appear reasonable. However,
the results are subject to a wide range of statisiteal uncertainty, in
addition to their incorporation of a number of assumptions that are uncertain
and/or conservative. EPA suggested that the assumptions made about exposure
and the failure to control for smoking might have led to overestimation
of risk by a factor of up to 4. The assumption that risk would be propor-
tional to average lifetime exposure introduces additional uncertainties.
More important, the linear extrapolation of the dose-response relationship
estimated for highly-exposed workers to predict risks of the general popu-
lation exposure-to concentrations about 10 times lower is likely to be
very conservative. Finally, the unit risk estimate is directly applicable
only to persons exposed to chromium compounds similar to those involved
in the study by Mancuso. EPA (1984b) stated (without giving details)
that trivalent and hexavalent chromium compounds were present in the ratio
6:1, so that the unit risk for hexavalent chromium might be 7 times higher
than that estimated for total chromium. Overall, therefore, EPA's estimate
of the unit risk for exposure to chromium in ambient air must be characterized
as extremely uncertain (primarily because of statistical uncertainty and



uncertainty in measuring exposure) and probably very conservative (primarily
because of the wide range of extrapolation, but also because of assumptions
about exposure and failure to control for smoking).

Based on exposure via inhalation, the IAHC (1982) classified Cr VI as
Group 1, human carcinogen. The evidence for the carcinogenicity of Cr
III compounds was judged to be inadequate. However, IMC (1980) concluded
that the epidemiological data do not allow elucidation of the relative
contributions to carcinogenic risk of Cr III or Cr VI or of soluble versus
insoluble compounds. EPA classified inhaled Cr VI as Group A—Human Carcinogen
and inhaled Cr III as Group D—Not Classified (EPA 1984b, 1984c). Ingested
chromium compounds were classified as Group D (EPA 1984d).

Hexavalent chromium's potent carcinogenic effects when inhaled make calcu-
lation of subchronic or chronic allowable intakes by inhalation for non- (
carcinogenic endpoints of toxicity inappropriate (EPA 1984b). For trivalent
chromium, a chronic allowable intake (AIC) by inhalation of 0.0051 mg/kg/day
was calculated in the Health Effects Assessment for Trivalent Chromium
(EPA 19S4c). This number was derived from a TLV. The studies used for
derivation of the TLV involved workers concomitantly exposed to other
dusts and fumes (ACGIH 1986) .

For oral exposure to Cr VI, a subchronic allowable intake (AIS) of 0.025
mg/kg/day was derived in the Health Effects Assessment for Hexavalent
Chromium (EPA 1984b). The AIS was based on a one-year study in which
rats were exposed to 0-25 mg/liter Cr VI as potassium chromate in drinking
water. Increased tissue concentrations of chromium, but no adverse health
effects were reported at the highest dose (Mackenzie et al. 1953 as cited
in EPA 1984b). An oral chronic allowable intake (AIC) of 0.005 mg/kg/day
was derived from the same study, with application of an additional safety
factor of 5 to adjust for less than lifetime exposure (EPA 1984b).

For oral exposure to Cr III, a subchronic allowable intake of 14 mg/kg/day
was established based on a study by Ivankovie and Preussmann (1975 as
cited in EPA 1984c). Rats were fed Cr III as chromium oxide at 2% and



5% of the diet for 90 days. A NOftEL of 5% Cr III was suggested, which
corresponds to 1,399 mg/kg/day based on measured food consumption and
body weight. Slightly depressed spleen and liver weights were reported.

For chronic oral exposure to Cr III, the EPA RfD Workgroup identified
a risk reference dose (RfD) of 1 mg/kg/day based on the Ivankovic and
Preussman (1975) study. Rats were fed chronic oxide baked in bread at
dietary levels of 0, 1, 2, or 5%, 5 days/week for 600 feedings (840 total
days). No effects due to chronic oxide treatment were observed at any
dose levels.

The interim MZL for total chromium under the National Interim Primary
Drinking Water Regulations is 0.05 mg/liter. A proposed Recommended Maximum

r

Contaminant Level (RMZL) of 0.12 mg/liter is proposed for total chromium, t
based on an Adjusted Allowable Daily Intake (AADI) of 0.17 mg/liter with
data on hunan exposure by other routes factored in (0.10 mg/day via the
diet and 0 mg/day via air) (EPA 1985).

SUJMARY

Chromium is an essential micronutrient and is not toxic in trace quantities.
High levels of soluble Cr VI and Cr III produce kidney and liver damage.
Chronic inhalation exposure may lead to respiratory system damage. Epi-
demiological studies of workers exposed to Cr VI via inhalation demonstrate
that it is a human carcinogen. EPA's (1984b) quantitative risk assessment
is based upon a single study of a cohort of workers exposed over a six
year period and-followed for approximately 40 years. Smoking habits were
not considered in the study. Assumptions and extrapolations included
in the calculations lead to a very wide range of uncertainty in the risk
factor. The relative carcinogenic potency of Cr III has not been demonstrated,
A Risk Reference Dose (RfD) of 1 mg/kg/day has been established for oral
exposure to Cr III. An oral AIC of 0.005 mg/kg/day was derived for Cr
VI.



Summary of Chromium Criteria

EPA carcinogen classification (inhalation of Group A
Cr VI only)

Inhalation carcinogenic potency factor (q,*) 41 (mg/kg/day)"1

Oral AIC (Cr VI) 0.005 mg/kg/day
Oral risk reference dose (Cr III) 1 mg/kg/day
Maximum Contaminant Level (MCL) (total Cr) 0.05 mg/liter
Proposed RMCL (total Cr) 0.12 mg/liter
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CYANIDE

QUALITATIVE DESCRIPTION OF HEAUIH EFFEC1S

Hydrogen cyanide and its simple salts, such as sodium cyanide, are highly
toxic by all routes (AOGIH 1986, EPA 1980). Many reports are available
regarding acute poisonings in humans. Hydrogen cyanide vapor is irritating at
very low concentrations, is considered dangerous at 20 ppm (20 mg/m3), and is
fatal at concentrations of 100 ppm (100 mg/m3) for 1 hour. NIOSH (1976) noted
reports of chronic poisoning resulting in fatigue, weariness, and other
subjective symptoms in workers, but these findings have been disputed by other
investigators. Chronic exosure to low levels of cyanide salts has been
reported to cause enlargement of the thyroid gland in humans, apparently due
to inefficient elimination of the cyanide metabolite thiocyanate. NIOSH -

i
(1976) concluded that there was no evidence of carcinogenicity, mutagenicity,
or teratogenicity for cyanides. Cyanide has been shown to produce chromosome
breaks in a bean plant, Vicia faba. Because of its mechanism of action,
inhibition of the electron transport system in oxidative phosphorylation,
cyanide is acutely toxic to almost all forms of life.

QUANTITATIVE DESCRLPriCil OF HEALTH EFFECL1S

EPA (1986) calculated a reference dose (RfO) for cyanide. The RfD was based
on a study by Howard and Hanzal (1955) in which rats were maintained for 104
weeks on a diet containing 76 or 190 mg/kg of cyanide. From data reported on
food consumption and body weight, daily doses were estimated at 3.6 to
7.5 mg/kg/day for the male rats and 4.6 or 10.8 mg/kg/day for the female
rats. No clinical or histological effects were observed at either dose
level. Using the highest no-observed-adverse-effect level (NQAEL) OF
10.8 mg/kg/day and a safety factor of 500 (10 for species extrapolation, 10
for sensitive members of the population, and 5 to compensate for the apparent
tolerance to cyanide when it is ingested in food rather than in water), an RfD
of 0.02 mg/kg/day was derived.



EPA (1985) reocnnended a lifetime health advisory of 750 ug/liter for exposure
to cyanide in drinking water. It was assumed that exposed individuals weigh
70 kg and ingest 2 liters of water per day. The difference between this value
and a drinking water criteria based on the RfD noted above (700 ug/liter) is
due to rounding error.

The ambient water quality criterion (AWQC) for cyanide is 200 ug/liter (EPA
1980) .

The American Conference of Governmental Industrial Hygienists (AOGIH 1986) has
recommended a time-weighted average threshold limit value of 5 mg/m3 for
occupational exposure to cyanide.

SUMMARY OF CYANIDE CRITERIA

RfD

Lifetime HA

AWQC

0.02 mg/kg/day

750 ug/liter

200 ug/liter
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1,1-DICHD3ROEIHANE

QUALITATIVE DESCRIPTION OF HEAIJH EFFBTIS

Limited information is available concerning the effects of 1,1-dichloroethane
(1,1-DCA) . The extent or rate of absorption of 1,1-DCA has not been
determined, but based on its chemical properties, rapid gastrointestinal
absorption and moderate absorption from inhalation are expected (EPA 1984a) .

1,1-DCA is probably less toxic than the 1,2-isomer (EPA 1980) . At one time,
the compound was used as an anesthetic, but it induced cardiac arrhythmias and
its use was discontinued. It is probable that human exposure to sufficiently
high levels of 1,1-DCA would cause central nervous system depression and
respiratory tract and skin irritation, since many of the chlorinated •
aliphatics cause these effects (Parker at al. 1979) . However, no
dose-response data concerning these effects are available. Renal damage was
observed in cats exposed by inhalation in a subchronic study (Hoffman et al.
1971) . Inhalation exposure of pregnant rats to high doses of 1,1-DCA (6,000
ppm) retarded fetal development (Schwetz et al. 1974) .

A carcinogenicity bioassay of 1,1-DCA was limited by poor survival of both
treatment and control groups, and the physical conditions of the treated
animals was markedly stressed. A dose-related increase in the number of
tumors was not observed by the Fisher exact test, but the data suggest that
the compound may have carcinogenic properties (Nd 1978) .

jjtbmif.ivi.CN OF HEAIJH

Applying the criteria for evaluating the weight of evidence for
carcinogenicity proposed by EPA's Carcinogen Assessment Group (EPA 1984b) ,
1,1-DCA is most appropriately classified inSroup D— Not Classified (EPA
1984a) . This category applies to agents for which there is inadequate human
and animal evidence of carcinogenicity.



EPA derived health-based criteria for subchronic and chronic exposure to
1,1-dUchlorethane in its Health Effects Assessment for this ccnpound (EPA
I984a). The oral subchronic acceptable intake (AIS) and chronic acceptable
intake (AIC) were calculated from the Hbffinan et al. (1971) study in which
cats exposed to 500 ppm 1,1-DCA for 26 weeks had no observed effects, but cats
exposed to 500 ppm for 13 weeks and then 1,000 ppm for an additional 13 weeks
suffered renal damage. The other mammalian species tested (rats, rabbits, and
guinea pigs) had no observed adverse effects. The oral AIS is 1.2 mg/kg/day.
The oral AIC of 0.12 mg/kg/day was derived from the AIS by applying an
additional safety factor of 10 to compensate for less than lifetime exposure
in the animal study (EPA 1984a).

The inhalation AIS of 1.38 mg/kg/day and the AIC of 0.14 mg/kg/day were also
derived from the Hbffman et al. (1971) study (EPA 1984a).

i
EPA (1980) was unable to determine an ambient water quality criterion for •
humna health for 1,1-dichloroethane because of insufficient mammalian
toxicological information.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) has
recommended a time-weighted average threshold limit value of 200 ppm (810
mg/m3) for occupational exposure to 1,1-dichloroethane.

SUMMARY OF 1,1-DICHLJHurciHANE CRITERIA

EPA carcinogen classification Group D

Oral AIS 1.2 mg/kg/day
Oral AIC 0.12 mg/kg/day

Inhalation AIS 1.38 mg/kg/day
Inhalation AIC 0.14 mg/kg/day

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH). 1986.
Dog mentation of Threshold Limit Values and Biological Exposure
Indices. 5th ed. Cincinnati, Ohio
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1,2-DICHEDROEIHANE

FHRRtWPKDNETICS

Data on the pharmacokinetics of 1,2-dichloroethane in humans are limited, but
data from animal studies suggest that the chemical is rapidly absorbed
following oral and inhalation exposure and after dprmal contact with the
liquid form of the compound (EPA 1985a). Reitz et al. (1982) reported that a
150 rag/kg bw peroral dose of radio-labelled 1,2-dichloroethane given to rats
was completely absorbed 48 hours after administration, and Spreafico et al.
(1978, 1979, 1980) reported 78% absorption in rats given a single oral dose of
25 rag/kg bw 1,2-dichloroethane in a water vehicle. Absorption rates of
inhaled 1,2-dichloroethane have not been quantified, but because the chemical

»
has a moderately high vapor pressure (80 mm Hg at 25°C) and a high blood-air t

partition coefficient (19.5), pulmonary absorption is probably rapid and
complete (EPA 1984). Dermal absorption of 1,2-dichloroethane following vapor
exposure is negligible, but direct skin application studies in mice (Tsuruta
1975, 1977) and guinea pigs (Jakobson et al. 1983) indicate that percutaneous
absorption following direct liquid contact can be substantial and is linearly
related to exposure duration.

After peroral or pulmonary absorption, 1,2-dichloroethane is distributed to
all body tissues. The substance readily passes the blood-brain and placenta!
barriers (EPA 1985a). In rats, the highest tissue concentrations following
acute exposure are reached in the adipose tissue, followed by the blood and
liver (Spreafico et al. 1978, 1977, 1980).

Studies in mice (Yllner 1971) and rats (Reitz et al. 1980, 1982) indicate that
1,2-dichloroethane is extensively metabolized, and the liver is the primary
site of metabolic activity (EPA 1985a). 1,2-Oichloroethane is metabolized to
2-chloroacetaldehyde, S-(2-chloroethyl)-glutathione, and other putative
reactive metabolites capable of covalent binding to cellular macromolecules
(EPA 1985a). Metabolism appears to be dose related; percent metabolized
decreases as dose increases (Yllner 1971, Reitz et al. 1980). Elimination of
unmetabolized 1,2-dichloroethane is almost exclusively through the lungs (EPA
1985a).



QUAUIMTVE DESCRIPTION OF HEMJH EFFECTS

CARdNOGENICTEY

No epidemiological data are available to evaluate the carcinogenicity of
1,2-dichloroethane in humans. However, several chronic bioassays of
1,2-dichloroethane have been conducted in animals and seme of these are
outlined below.

In a study sponsored by the National Cancer Institute (Nd), groups of 50 male
and 50 female 9-week-old Osborne-Mendel rats were administered technical grade
1,2-dichloroethane (>99% pure) in corn oil by gavage 5 days/week for 78 weeks
(Nd 1978). Surviving animals were observed for up to 32 weeks following ,
termination of treatment. The time-weighted average doses were 95 and I
47 mg/kg bw/day for high- and low-dose males and females. A group of 20 male
and 20 female rats received corn oil alone and were used as matched vehicle
controls, and an additional group of 60 male and 60 female rats received corn
oil and were used as pooled vehicle controls. (The group of matched vehicle
controls was not considered in the statistical analyses of tumor incidences.)
Mortality was increased in the high-dose group; all high-dose females were
dead by week 15 of the post-treatment observation period, and all high-dose
males died by week 23 of the observation period. All low-dose rats survived
the 32-week post-treatment observation period. All treated and control
animals were **i «to]/Tgt<-qil ly examined. There was a g**̂ i'«̂ i<̂ ai \y significant
increase in total number of tumors in high-dose females when compared with
pooled controls. Additionally, a statistically significant increase in the
incidence of squamous-cell carcinomas of the forestomach in high-dose male
rats and mammary gland adenccarcinomas in high-dose female rats was observed.
Hemangiosarcomas occurred in some treated rats but not in any of the
controls. Law-dose males and females showed higher incidences of
hemangiosarconas than high-dose animals. There was a statistically
significant positive trend in the incidence of hemangiosarcomas in male and
female rats as compared with pooled vehicle controls.



In a second oral-dosing study sponsored by NCE (1978), groups of 50 male and
50 female 5-week-old B6C3F]_ mice were administered technical grade (>99% pure)
1,2-dichlorcethane in corn oil by gavage 5 days/week for 78 weeks, followed by
a 12-week (females) or 13-week (males) period without treatment. The
time-weighted doses were 195 and 299 mg/kg bw/day for high-dose males and
females, respectively, -and 97 and 149 mg/kg bw/day for low-dose males and
females, respectively. A group of 60 male and 60 female mice received corn
oil alone and served as pooled vehicle controls. Of the high-dose animals,
42% of the males survived until the end of the study, and 72% of the females
died between weeks 60 and 80. In the low-dose group, 48% of the males
survived more than 74 weeks, and 68% of the females survived until the end of
the study. In the vehicle control groups, 55% of the males and 80% of the
females survived until the end of the study. When compared with controls, the
number of animals with tumors and the total number of tumors were
significantly greater in both male and female high-dose mice and also in [
low-dose female mice.

Maltoni et al. (1980) exposed groups of 180 male and 180 female Sprague-Dawley
rats and Swiss mice to 1,2-dichlorcethane (>99% pure) vapor concentrations of
250-150 ppm, 50 ppm, 10 ppm, or 5 ppm, respectively, for 7 hours/day,
5 days/week for 78 weeks. (The initial 250 ppm concentration was reduced to
150 ppm after several days of exposure to the higher level elicited severe
toxic effects.) Two groups of 180 rats per group served as controls for the
rat study, and one group of 249 nice served as the control for the mice
study. At the end of the treatment period, all animals were allowed to live
until spontaneous death. A complete neerupy was performed on all rats and
mice. The remits of the histopathological analyses revealed no statistically
significant increases in the incidence of any specific type of tumor in
treated rats or nice when compared with controls.

MJIAGENIdTY

1,2-Dichloroethane has been shown to cause gene mutations in bacteria, plants,
Drosophila, and cultured Chinese hamster ovary cells (EPA 1985a). The
majority of the in vitro tests have reported marginal positive responses
without metabolic activation and stronger positive responses with exogenous



hepatic metabolic activation, indicating that 1,2-dichloroethane is mutagenic
by itself but that metabolites are more potent mutagens. In addition,
1,2-dichloroethane also has been observed to cause meiotic chromosomal
nondisjunction in Drosophila and to alkylate CNA in several somatic tissues in
the rat (EPA 1985a).

REHCDUCTIVE TOXICm

Available data suggest that 1,2-dichloroethane does not adversely affect
reproductive or developmental processes in experimental animals except at
maternally toxic levels (EEA 1985a). However, the data are limited, and
additional experimental and epidemiological studies are needed to conclusively
demonstrate that this compound is not a human teratogen and does not produce
adverse reproductive effects.

CHRCNIC TOXECriY

Data on chronic toxicity of 1,2-dichloroethane in humans are limited
(primarily) to foreign case reports and health surveys. Repeated exposure to
1,2-dichloroethane vapor in the work place has been reported to result in
anorexia, nausea, vomiting, weakness and fatigue, nervousness, epigastric
pain, and irritation of the respiratory tract and eyes (EEA 1984, 1985a).
Kbzik (1957) reported that workers in the Russian aircraft industry who were
exposed for at least 4 years to approximately 10-15 ppm 1,2-dichloroethane
experienced increased incidences of gastrointestinal disease, liver and gall
bladder tH-imfm, and iHirmnimff of the muscles, tendons, and ganglia.
Cetnarowicz (1959) reported dizziness, fatigue, drowsiness, nausea, and
epigastric pain in Polish oil refinery workers exposed to 1,2-dichloroethane

sntrations between 10 and 200 ppm for an unspecified period of time.

Chronic studies in animals also have revealed toxic effects following
inhalation exposure. Spencer et al. (1951) exposed eight guinea pigs of both
sexes, one female and two male rabbits, and two male monkeys to
1,2-dichloroethane vapor at concentrations of 400 and 100 ppm for 7 hours/day,
5 days/week for 6 months. In addition, 15 rats of both sexes and 8 guinea
pigs of both sexes were similarly exposed to 200 ppm 1,2-dichloroethane for



151 and 180 7-hour periods, respectively. Exposure to 200 ppro
1,2-dichloroethane caused parenchynatous degeneration of the liver in guinea
pigs. Severe toxic effects were found in all animals exposed to the 400-ppm
concentration, but no toxic effects were observed in any animals exposed to
the 100-ppm concentration.

Heppel et al. (1946) observed increased mortality and/or significant
pathological changes in various organs of rats, rabbits, and guinea pigs
exposed to 1,000 or 400 ppm of 1,2-dichloroethane 7 hours/day for 5 days/week
but not in animals similarly exposed to concentrations of 100 ppm.

No pertinent data on the chronic oral toxicity of 1,2-dichloroethane in humans
were located in the available literature, and limited reports of chronic oral
exposure in laboratory animals were available. In the Nd (1978) bioassay •
previously discussed, groups of 50 male and 50 female Osborne-Mendel rats ŵ re
treated by gavage with time-weighted average (TWA) 1,2-dichloroethane
concentrations of 45 or 74 mg/kg bw/day, respectively, for 78 weeks and
observed for up to an additional 32 weeks. Groups of 50 male and 50 female
B6C3Fi mice were treated by gavage with TWA doses of 195 or 97 mg/kg bw/day
(male) or 299 or 149 mg/kg bw/day (female) 1,2-dichloroethane for 78 weeks,
followed by a 12 to 13-week observation period. No significant dose-related
body weight depression in rats of either sex was noted, but there was
increased mortality, particularly in the high-dose groups, which appeared to
be related to toxic rather than to carcinogenic effects. Mean body weight
depression was noted as early as week 15 of the study in high-dose female mice
but not in high- or low-dose males or low-dose females.

In a chronic feeding study, rats received diets containing 1,2-dichloroethane
at concentrations of 0, 250, or 500 mg/kg fed for 2 years (Alumot et al.
1976). No biochemical or histopathological abnormalities attributable to
1,2-dichloroethane were observed. However, there was a widespread incidence
of chronic respiratory rfi-mnrm and low survival rates. A lack of detailed

prevents establishment of the actual



AO7TE

Effects of acute inhalation exposure in humans are similar to those observed
in humans following chronic work-time exposure and include irritation of
raucous -membranes and -the -respiratory tract and central nervous system
depression (EPA 1985a) . Death may occur as a result of respiratory and
circulatory failure. Pathologic examinations typically show congestion,
degeneration, necrosis, and hemorrhagic lesions of most internal organs,
including the liver, kidney, spleen, lungs, and respiratory and
gastrointestinal tracts (EPA 1985a) . Adverse effects caused by less extreme
exposures were generally associated with the gastrointestinal and nervous
systems.

CESCRIPITCN OF HEALTH EFFECTS «

Applying EPA's criteria for evaluating overall weight of evidence of
carcinogenicity to humans, 1,2-dichloroethane has been classified in Group B2
as a probable carcinogen in humans. This category applies to agents for which
there is inadequate evidence of carcinogenicity from human studies and
sufficient evidence of carcinogenicity from animal studies.

EPA (1985a) derived a carcinogenic potency factor (oj.*) for ingestion based on
the incidences of hemangiosarcomas in Qsborne-Mendel male rats observed in the
Nd (1978) gavage study outlined previously. Die final time-weighted average
doses in male and female rats were 95 and 47 mg/kg/day for the high- and
low-dose groups, respectively. Animals were observed for up to an additional
32 weeks before terminal sacrifice. Based on the hemangiosarcoma response in
male rats using a time-to-death adjustment and an adjusted dose derived from
the metabolism/kinetic evaluation, EPA used the multistage model to estimate
an upperbound carcinogenic potency factor of 9.1xlO~2 (mg/kg/day)'1 for
1 , 2-dichloroethane.

EPA (1980) also based is ambient water quality criterion for
1,2-dichloroethane on the incidences of hemangiosarcomas observed in male rats
in the Nd (1978) study previously discussed. However, because a somewhat



different approach was used, a carcinogenic potency factor of 3.697xlO~2

(ing/kg/day)-1 was derived. The resulting water concentration to keep the
lifetime excess cancer risk below 1CT6 was 0.94 ug/liter. This value assumes
ingestion of contaminated water and aquatic organisms (e.g., fish) from the
contaminated water. Without consumption of contaminated aquatic organisms, a
lifetime cancer risk of 10"6 would be associated with ingestion of water
containing 0.95 ug/liter of 1,2-dichloroethane.

Another carcinogenic potency factor, also based on the MCE (1978)
henangiosarcoma data for male rats, was reported in the EPA Health Effects
Assessment for 1,2-dichloroethane (EPA 1984); the reported value was 6.9xlO~2

(mg/kg/day)"1.

The EPA Office of Drinking Water developed a longer-term health advisory (HA)
for 1,2-dichloroethane based upon the results of two chronic inhalation
studies (Heppel et al. 1946, Spencer et al. 1951) and one subchronic t
inhalation study (Hermann et al. 1971) in which various animal species were
exposed to 1,2-dichloroethane. In these studies, exposure to air containing
100 ppm 1,2-dichloroethane for 6-7 hours/day, 5 days/week for up to 8 months
resulted in no mortality and no adverse effects on behavior, growth, organ
function, or blood chemistry. Similar exposures to 400-500 ppm
1,2-dichloroethane resulted in high mortality and various pathological
effects. The 100-ppm level (405 mg/m3) was used as the
rx>-cfc6ervable-adverse-effect level (NQAEL) for the determination of the HA.
The HAs derived for a 10-kg child consuming 1 liter of water per day and for a
70-kg adult consuming 2 liters of water per day are 740 ug/liter and
2,800 mg/liter, respectively.

EPA (1985b) recently published under the Safe Drinking Water Act, a proposed
maximum contaminant level (MCL) of 5 ug/liter for 1,2-dichloroethane. The
proposed MCL was determined based upon consideration of best available
technology for removal of 1,2-dichloroethane from drinking water and upon the
lowest achievable detection level for 1,2-dichloroethane by routine laboratory
operating conditions within specified limits of precision and accuracy.



SUMMARY OF 1,2-DICHLCK3ETHANE CRITERIA

EPA carcinogen classification Group B2

Oral carcinogenic potency factor (oj.*) 9.1xlO~2 (mg/kg/day)

Longer-term HA:
Quid 740 ug/liter
Adult 2,600 mg/liter

Proposed MCL 5 ug/liter

AWQC (concentration associated with a 10"6
lifetime cancer risk:

Ingestion of water and aquatic organisms 0.94 ug/liter
Ingestion of water only 0.95 ug/liter
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1,1-DICHD3RDETHYIQ1E

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Several comprehensive reviews of the toxicology and potential health effects
of 1,1-dichloroethylene have been prepared. The following summary is based
primarily on information presented in three EPA documents. These include
"Ambient Water Quality Criteria for Dichloroethylene" (EPA 1980), "Drinking
Water Criteria Document for Dichloroethylenes" (EPA 1984a), and "Health
Assessment Document for Vinylidene Chloride" (EPA 1985a).

1,1-Dichloroethylene is a central nervous system depressant and has been use;;
r

as an anesthetic. Chronic low-level exposure to this substance nay result ir.
neurotoxicity, nephrotoxicity, hepatotoxicity, and cardiac arrhythmia.
Inhalation or oral exposure of rats and rabbits has produced fetotoxicity an:
minor skeletal abnormalities, but at doses associated with some degree of
maternal toxicity.

1,1-Dichloroethylene has been found to be a point mutagen in bacterial systerv
with metabolic activation, but dominant lethal studies in rats and mice were
negative. The evidence for the potential of 1,1-dichloroethylene to act as ?.
human germ-cell Tnitngen is currently regarded by EPA (1985a) as limited.
Although this designation indicates that there are insufficient data to
classify this evidence as sufficient or suggestive of potential germ-cell
mutagenicity, the available data also do not permit classification of
1,1-dichloroethylene as a non-germ cell mutagen.

A number of laboratory studies have investigated the carcinogenic potential of
1,1-dichloroethylene. A significantly increased incidence of renal
adenocarcinoma was observed in male mice treated by inhalation with
1,1-dichloroethylene in a study by Maltoni et al. (1985); female mice in the
same study showed an equivocal increase in mammary adenocarcinomas. other
studies with mice, rats and hamsters have not shown increased tumor incidences
after exposure by the oral or inhalation routes.



The effects of 1,1-dichloroethylene on humans have not been studied in large
enough populations to provide meaningful results (EPA 1980, 1985a).

QUWriTATTVE DESCRIPl'lCN OF HEAUH EFFECTS

The EEA concluded that the -evidence for carcinogenicity of
1,1-dichloroethylene is inadequate in humans and limited in experimental
animals. Applying the criteria for evaluating the overall weight of evidence
of carcinogenicity to humans proposed by the EPA (1984b), this compound is
most appropriately classified in Group C—Possible Human Carcinogen.

The carcinogenic potency for exposure by ingestion was derived by EPA (1985a)
by estimating an upper-limit value from the negative data of a drinking water
study by Quast et al. (1983) in Sprague-Dawley rats and a negative NTP (1982)

f

gavage study in Fischer 344 rats and B6C3F1 mice. Quast et al. (1983) treated
Sprague-Dawley rats with 50, 100, or 200 ppm 1,1-dichloroethylene in their
drinking water for 2 years and observed only minimal hepatotoxicity. In the
NTP bioassay (NTP 1982), no significant increases in tumor incidence were
observed, but a maximum tolerated dose was apparently not achieved in the
gavage treatment of F344 rats with 1 or 5 mg/kg and B6C3F1 mice with 2 or i:
rag/kg 5 times a week for 104 weeks. This approach assumes that a response
occurs via ingestion, although there is no direct evidence that this is true.
The highest upper-bound carcinogenic potency (qi*) estimate using these data
was 0.58 (rag/kg/day)"1.

The carcinogenic potency for exposure by inhalation reported by EPA (1985a) is
based on an inhalation study in mice by Maltoni et al. (1985). Swiss mice of
both sexes were- exposed to 0, 10, or 25 ppm (0, 40, or 100 mg/m3)
1,1-dichloroethylene for 4 hours/day, 4 to 5 days/week for 52 weeks, and were
observed for a total of 121 weeks. The most marked finding was the
significantly increased incidence of renal adenocarcinomas in the high-dose
male mice. Using data from this study, calculation of the cancer risk
estimates by the multistage model yielded an inhalation carcinogen potency of
1.16 (mg/kg/day)"1.



Under the Safe Drinking Water Act, EPA has recently promulgated a final
recconended imximim contaminant level (PMCL) and proposed a maximum
contaminant level (MCL) of 7 ug/liter for 1,1-dichloroethylene in drinking
water (EPA 1985b). FMCLs are nonenforceable health goals that are to be set
at levels that would result in no known or anticipated adverse health effects
with an .adequate margin .of .safety. ,MCXs, which are enforceable standards wher.
finalized, are EPA set as close as feasible to FMCXs after consideration of
treatment and analytical technologies, costs, and other factors.

In setting the 7 ug/liter FMCL for 1,1-dichloroethylene, EPA determined that
limited but insufficient evidence of carcinogenicity exists for this
compound. Accordingly, it was classified in Regulatory Category II—equivocal
evidence of carcinogenicity. FMCLs for Category II contaminants are set based
on chronic toxicity data with an additional margin of safety or on lifetime

r

risk calculations if chronic toxicity data are not available. For <
1,1-dichloroethylene, EPA set the PMCL based on chronic toxicity data,
primarily liver effects, obtained from the Quast et al. (1983) study in rats.
An adjusted acceptable daily intake (AADI) of 350 ug/liter was derived from
these data. By applying an extra safety factor of 10 to account for the
possible carcinogenicity of this compound and assuming a 20% contribution to
exposure from drinking water, the final PMCL of 7 ug/liter was determined (£"-.
1984, EPA 1985b).

The EPA Office of Drinking Water developed one-day, longer-term, and lifetime
health advisories (HAs) for 1,1-dichloroethylene (EPA 1985c). The one-day HA.
derived for a 10-kg child is 1,000 ug/liter. This HA was based on a study in
which adult rats received single doses of 100, 300, or 500 mg/kg
1,1-dichloroethylene in corn oil (Jenkins et al. 1972). A
lowest-observed-adverse effect level (IOAEL) of 100 mg/kg for liver enzyme
changes was identified. The longer-term HA was based on a 90-day study in
which rats received 0, 50, 100, or 200 ppm 1,1-dichloroethylene in their
drinking water (Rampy et al. 1977). This study identified a
no-observed-adverse effect level (NQAEL) of 100 ppm (a decreased kidney-body
weight ratio in males was observed at 50 ppm); increased cytoplasmic
vacuolization of hepatocytes was observed in both sexes at 200 ppm. Based en



the NQAEL of 100 ppm, a longer-term HA was derived for a 10-kg child consunirrr
1 liter of water per day and a 70-kg adult consuming 2 liters of water per
day. These values are 1,000 ug/liter and 3,500 ug/liter, respectively. EPA
noted that the longer-term HA of 1,000 ug/liter for a 10-kg child would also
be appropriate for protection over a ten-day period.

A lifetime HA of 70 ug/liter was based on the Quast et al. (1983) study cited
above. A TQAFT. of 100 ppm was identified based upon a trend towards increase:!
fatty deposition in the liver. A relative source contribution of 20% for
drinking water was included in this value. A risk reference dose (RfD) of
0.01 mg/kg/day was determined by EPA from data presented in this study. An
RfD is an estimate of daily exposure which appears to be without appreciable
risk of deleterious noncarcinogenic effects over a lifetime of exposure. This
value corresponds approximately to the oral reference dose (RfD) of 0.009 '
mg/kg/day (EPA 1986) also recommended by EPA and based on the Quast et alJ
(1983) study.

EPA (1980) determined an ambient water quality criteria (AWQC) of 0.06
ug/liter for 1,1-dichloroethylene, which corresponds to a 10"6 excess lifetire
cancer risk.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) has
tied a time-vneighted average threshold limit value of 5 ppm (20 mg/m3)

for occupational exposure to 1,1-dichloroethylene.

OF l,l-DICHICRCEnHI£NE CRITERIA

EPA carcinogen classification Group C

Oral carcinogenic potency f actor (q̂ *) 0.58 (mg/kg/day)'1

Inhalation carcinogenic
potency factor (qj.*) 1.16 (mg/kg/day)'1

Final MCX/proposed MCL 7 ug/liter

One-day HA (child) 1,000 ug/liter

Tten-day HA (child) 1,000 ug/liter



Longer-term HA
Child 1,000 ug/liter
Adult 3,500 ug/liter

Lifetime HA 70 ug/liter

RfD 0.009 ing/kg/day

AWQC corresponding to a 10"6
excess lifetime cancer risk 0.06 ug/liter
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trans-1,2-DICHIDROEIHYIENE

QUALITATIVE DESCRIPnCN OF HEAUH

Information on the health effects of trans-1,2-dichloroethylene is limited.
Freundt et al. (1977) exposed female rats fay inhalation to 200 ppm trans-1,2-
dichlorothylene for 8 hours per day/ 5 days per week for 1, 2, 8, or 16 weeks
and noted pirogressive damage to the lungs and progressive fatty degeneration
of the liver.

trans-1/ 2-Dichloroethylene was not mutagenic in the Ames assay and did not
induce chromosomal aberrations in mouse bone marrow cells (Cerna and Kypenova
1977). Galli et al. (1982) reported that it was not mutagenic when tested in
a diploid strain (D7) of Saccharomyces cerevisiae with and without metabolic>
activation. Finally, trans-1,2-dichloroethylene was not mutagenic in the I
Escherichia coli KL2 assay system (Greim et al. 1975).

QUMfiTlMTVE DESCRlPi'lON OF HEAUH KFFEC1S

According to EPA's Proposed Guidelines for Carcinogenic Risk Assessment (EPA
1984a), trans-1,2-dichloroethylene has been classified in Group D—Not
Classified (EPA 1985). This category applies to agents for which there is
inadequate evidence of carcinogenicity from animals studies.

EPA (1980) was unable to derive ambient water quality criteria for
trans-1,2-dichloroethylene because of lack of data.

The EPA opinion concerning protection of human health from the toxic effects
of trans-1,2-dichloroethylene in drinking water is summarized in proposed
national primary drinking water regulations for synthetic organic chemicals
(EPA 1985). Because compound-specific information concerning toxicity of the
1,2-dichloroethylenes is not adequate, EPA has chosen to derive longer-term
(1- to 12-year) and lifetime exposure criteria for both the cis- and trans-
isomers from data on 1,1-dichloroethylene, a compound with similar structure
(a geometric isomer of l,2-dichloroethylene) and similar noncarcinogenic toxic



end points. Derivation of these criteria are documented in detail in the
Drinking Hater Criteria Document for Dichloroethylenes (EPA 1984b). Available
information from shorter-term exposures to all three compounds also suggests
that the noncarcinogenic toxicity induced by the 1,2-isomers is likely to be
no more severe than that of 1,1-dichloroethylene. Accordingly, EPA derived
longer-term draft health advisories for both cis- and
trans-1,2-dichloroethylene of 1,000 and 3,500 ug/liter for children and
adults, respectively, from data on 1,1-dichloroethylene.

EPA also derived an acceptable daily intake (ADI) for lifetime exposure based
on the results of a 2-year chronic tcodcity/oncogenicity study (Quast et al.
1983) in which rats received 0, 50, 100, or 200 rag/liter l,l-dichloroethyler,e
in drinking water. For the highest dose group, significant microscopic liver
changes were seen in animals of both sexes, and minimal hepatocellular
swelling and fatty changes were seen in female rats at all dose levels. At
100 ppm (10 mg/kg mean daily dose in males), a trend toward an increase iri
focal fatty changes in the liver was observed in males. No exposure-related
changes were seen in males at the low dose. An ADI of 0.01 mg/kg/day for a
70-kg person was determined using a lowest-observed-adverse effect level
(IDAEL) of 10 mg/kg/day and an uncertainty factor of 1,000, since a
no-observed-adverse effect level (NQAEL) was not identified. The
corresponding adjusted acceptable dally intake (AADI) for a 70-kg person
drinking 2 liters of water per day is 350 ug/liter. EPA proposed an FMCL of
70 ug/liter for both cis- and trans-1,2-dichloroethylene based on the AADI of
350 ug/liter, assuming 20% of the exposure is via drinking water. Based on
consideration of currently available data, EPA's proposed recommended
guidelines for longer-term and lifetime exposure appear adequate for
protection of the health of exposed individuals.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) has
recxaimended a time-weighted average threshold limit value of 200 ppm
(790 mg/m3) for occupational exposure to trans-1,2-dichloroethylene.



STANDARDS AND CRITERIA

EPA carcinogen classification Group D

ADI 0.01 mg/kg/day

Proposed RMCL 70 ug/liter
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DI-n-BUTYL-PHTHALATE

INTRODUCTION

Dl-n-butyl phthalate (DBP) 1s a phthalate ester commonly used as a
plastldzer and 1n the production of polyvlnyl chloride (PVC) resins (EPA
1980).

PHARMACOKINETICS

The phthallc add esters and/or their metabolites are readily absorbed from
the gastrointestinal tract, 1ntraper1toneal cavity, and the lungs and
distributed to various organs and tissues. The esters are excreted primarily
1n urine and feces (EPA 1980).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

There are no reports that DBP 1s carcinogenic 1n animals or humans. However,
DBP was reported to be mutagenlc 1n a bacterial test system (Seed 1982).
Reduced fetal weight, resorptlons, and dose-related musculoskeletal
abnormalities were observed among fetuses from rats and mice exposed to very
high doses of DBP during gestation (Shlota and Nishlmura 1982).

The acute toxlcity for laboratory animals by most routes of administration is
very low. Oral, inhalation, and intraperitoneal LDcn values of38,000 mg/kg, 7,900 mg/m , and 3,050 mg/kg, respectively, have been reported
for the rat (EPA 1980). Smith (1953) fed male Sprague-Dawley rats diets
containing 0, 0.01, 0.05, 0.25 and 1.25X di-n-butyl phthalate for 1 year. At
the highest di-n-butyl phthalate concentration, one-half of all rats died
during the first week of exposure.

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying the carcinogen risk guidelines established by the Carcinogen
Assessment Group of EPA (EPA 1986a), d1-n-butyl phthalate is most



appropriately classified 1n Group D—Not Classified. This category applies
to agents for which there 1s no evidence of cardnogenldty.

ERA (1986b) calculated a risk reference dose (RfD) of 0.1 mg/kg/day for
d1-n-butyl phthalate based on a study by Smith (1953) in which male
Sprague-Dawley rats fed diets containing 0.25X (125 mg/kg/day) d1-n-butyl
phthalate did not exhibit any effects on gross pathology or hematology.

ERA (1980) also determined an ambient water quality criterion (AWQC) of
34.1 mg/Hter for the protection of human health from the toxic properties of
d1-n-butyl phthalate ingested through water.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986)
has recommended a time-weighted average threshold limit value (TLV) of
5 mg/m for occupational exposure to di-n-butyl phthalate.

SUMMARY OF DI-n-BUTYL PHTHALATE

ERA carcinogen classification Group D

RfD 0.1 mg/kg/day

AWQC 34.1 mg/liter
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ETHYLBENZENE

INTRODUCTION

Ethylbenzene (EB) 1s a ctear, colorVess, flammable liquid found in gasoline.
It 1s used as a solvent and in the manufacture of styrene and acetophenone.
Ethylbenzene 1s also a constituent of asphalt and naptha.

PHARMACOKINETICS

Ethylbenzene absorbed via inhalation was found to be distributed throughout
the body in Harlan-Nlstar rats. However, the highest levels were detected in
the kidney, lung, adipose tissue, digestive tract, and liver (Chin et al.
1980a). Data regarding the absorption of ethylbenzene from the |
gastrointestinal tract following oral ingestion were not located in the
available literature. The elimination of ethylbenzene is primarily through
urinary excretion of metabolites (ERA 1984).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

Pertinent data on the carcinogenic potential of ethylbenzene were not
identified in the available literature.

MUTAGENICITY

Ethylbenzene was found to be nonmutagenlc 1n Salmonella tvphimurium strains
TA98, TA100, TA1535, and TA1537 tested with and without metabolic activation
(Florin et al. 1980). Pure ethylbenzene did not increase the frequency of
recessive lethals in the Drosophila recessive lethal test (Donner et al. 1979)



TERATOGENICITY/REPRODUCTIVE EFFECTS

Hardin et al. (1981) found that ethylbenzene did not elicit embryo toxicity,
teratogenicity, or maternal toxldty in New Zealand white rabbits exposed for
6-7 hours/day at 100 or 1,000 ppm (435 or 4,348 mg/m ) during gestation days
1-24. However, female -Wistar or .Sprague-Dawley rats exposed to 1,000 ppm
ethylbenzene for 6-7 hours/day during gestation days 1-19 had increased liver,
kidney, and spleen weights Indicating maternal toxicity.

ACUTE/CHRONIC TOXICITY

Wolf et al. (1956) administered a single oral doses of ethylbenzene (in olive
oil or corn oil solution) by stomach tube to male and female N1 star-derived
rats to determine the acute toxicity of ethylbenzene. The reported LD5Q for
both sexes was 3.5 g/kg bw; systemic toxic effects occurred primarily in the
liver and kidney.

Wolf et al. (1956) also administered ethylbenzene In olive oil by stomach tube
5 days/week for 6 months to groups of 10 female Wistar rats. Doses of 468 and
680 mg/kg caused increased liver and kidney weights and cloudiness and
swelling of hepatocytes and renal tubular epithelium. No effects were
observed in rats exposed to 13.6 and 136 mg/kg/day.

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying the criteria 1n ERA's guidelines for assessment of carcinogenic risk.
(EPA 1986a), ethylbenzene 1s most appropriately classified in Group D—Not
Classified. This category applies to agents for which there Is inadequate
evidence of cardnogenldty.

EPA (1985b) derived one-day health advisories (HAs) for ethylbenzene based on
a study by Bordodej and Bordodejova (1970) 1n which no adverse health effects
were reported in humans exposed via Inhalation for 8 hours to 100 ppm (435
mg/m ) ethylbenzene. The one-day HAs for a 10-kg child and 70-kg adult



are 73 mg/liter and 21 mg/llter, respectively. Because of a lack of
appropriate exposure duration data, EPA (1985b) derived the ten-day HAs from
the one-day HAs by dividing the one-day HAs by ten. The resulting ten-day HAs
for a 10-kg child and 70-kg adult are 2.1 mg/liter and 7.3 mg/liter,
respectively. EPA (1985b) derived a lifetime health advisory of 3.4 mg/liter
from the Holf et al. (1956) study In which rats were treated orally at four
doses of ethyl benzene 5 days/week for 6,months exhibited no adverse effects at
136 mg/kg/day. Based on the lifetime health advisory of 3.4 mg/liter and
assuming 20 percent of exposure to ethyl benzene would be via drinking water,
EPA (1985c) proposed a recommended maximum contaminant level (RMCL) of 0.68
mg/liter.

EPA (1986b) determined a reference dose (RfD) of 0.1 mg/kg/day for oral
exposure to ethyl benzene based on the Holf et al. (1956) data using the
no-observed-adverse-effect level (NOAEL) of 136 mg/kg/day

it
EPA (1980b) has established an ambient water quality criterion (ANQC) of 1.4
mg/Hter for the protection of human health from the toxic properties of
ethyl benzene Ingested through water and contaminated aquatic organisms.

The American Conference of Governmental Industrial Hyglenists (ACGIH 1986) has
recommended a time-weighted average threshold limit value of 100 ppm (435
mg/m ) for occupational exposure to ethyl benzene.

SUMMARY OF ETHYLBENZENE CRITERIA

EPA carcinogen classification Group D
One-day HA:

Adult 73 mg/Hter
Child 21 mg/Hter

Ten-day HA:
Adult 7.3 mg/liter
Child 2.1 mg/Hter

Lifetime HA 3.4 mg/Hter

Proposed RMCL 0.68 mg/liter



RfD 0.1 ing/kg/day

AHQC 1.4mg/11ter
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HEXACHLOROBENZENE

INTRODUCTION

Hexachlorobenzene 1s a synthetic organic compound that 1s produced during the
synthesis of several chlorinated compounds. At one time, hexachlorobenzene
was used as a fungicide, but this use has been discontinued (EPA 1985a).

PHARMACOKINETICS

No Information was present 1n the available literature on hexachlorobenzene
absorption from the lungs or skin (EPA 1985a). Absorption of
hexachlorobenzene from the gastrointestinal tract appears to depend on the
vehicle used during test material administration (EPA 1985a). Eighty percerit
of the dose Is absorbed when hexachlorobenzene 1s administered 1n olive oil!
less than 20% of the dose 1s absorbed when hexachlorobenzene 1s administered
1n an aqueous solution (EPA 1985a, 1984a). Intestinal absorption of
hexachlorobenzene occurs mainly via the lymphatic system (IARC 1979).
Hexachlorobenzene 1s distributed to tissues that have a high Hp1d content
(EPA 1985a). The adipose tissue accumulates the greatest concentrations of
hexachlorobenzene 1n all of the species studied (EPA 1985a). Bone marrow and
skfn also accumulate large amounts of hexachlorobenzene (EPA 1985a).
Hexachlorobenzene 1s metabolized to lesser chlorinated benzenes and
chlorinated phenols which are excreted 1n the urine as glucuronlde and
glutatMone conjugates together with small amounts of unchanged
hexachlorobenzene (EPA 1985a). The excretion of hexachlorobenzene occurs
primarily as the parent compound through the feces (EPA 1985a).

QUALITATIVE-DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

Cabral et al. (1977) fed diets containing 0, 50, 100, or 200 ppm
hexachlorobenzene to Syrian golden hamsters for life (EPA 1984a). These diets
contained 4, 8, or 16 mg/kg/day hexachlorobenzene and resulted 1n significant



Increases in the Incidences of hepatomas and hemangioendothelioma of the ^
livers of exposed male and female rats (ERA 1984a). The Incidence of hepatoma
was 47% for both sexes at 4-5 mg/kg/day (EPA 1984a). The Incidences of I
hemangioendothelioma were 20% in males at 8 mg/kg/day and 12% in females at 16
mg/kg/day (EPA 1984a). I

Liver hepatomas were also produced In both sexes of Swiss mice administered
hexachlorobenzene for 106 weeks (EPA 1984a). At 24 mg/kg/day, the Incidences
were 34% for females and 16% for males (EPA 1984a). I

Liver tumors (hepatomas or hepatocellular carcinomas) were found in three
studies which Included three different strains of rats: Agus, HI star, and J^
Sprague-Dawley (EPA 1985a). These tumors were Induced at doses between 1.5
and 8 mg/kg/day (EPA 1985a). Smith and Cabral (1980) demonstrated an I
increased Incidence of liver cell tumors in female MRC Hi star and Agus rats.
exposed to dietary levels of 100 ppm hexachlorobenzene for 75 to 95 weeks ((EPA I
1984a). Liver tumors were observed 1n rats exposed to 75 or 150 ppm "
hexachlorobenzene in the diet for up to 2 years (EPA 1984a). Arnold (1983) i
observed hepatocellular carcinomas in male and female Sprague-Dawley rats JL
exposed to hexachlorobenzene 1n utero. during lactation, and in the diet for
the remainder of their lifetimes (130 weeks) (EPA 1985a). J.

The data on hexachlorobenzene provide sufficient evidence of the I
card nogeni dty of hexachlorobenzene, since there were Increased Incidences of
malignant tumors of the livers in two species (hemangioendothelioma in I
hamsters and hepatocellular carcinoma in rats) as well as reports of hepatomas -^
in mice, rats and hamsters (EPA 1985a). i

MUTAGENICITY

Hexachlorobenzene Was not mutagenlc when tested in the Salmonella tvphimurium
histidine reversion assay with and without metabolic activation (EPA 1985b).
It did not Induce dominant lethal effects in male rats (EPA 1985a).
Hexachlorobenzene was found to be mutagenlc In a yeast assay, Saccharomvces I
cerevisiae at a concentration of 100 ppm (EPA 1985a).

1
1



TERATOGENICITY/REPRODUCTIVE EFFECTS

Hexachlorobenzene is fetotoxic and produces some teratogenlc effects In
experimental animals (IARC 1979). Fetotoxic effects include elevated liver
weights in rats and hepatomegaly and reduced survival in cats (ERA 1985a).
Hexachlorobenzene given to pregnant mice was found to produce cleft palates
and renal agenesis in exposed (concentrations unspecified) pups (EPA 1985a).

ACUTE/CHRONIC EFFECTS

The acute oral toxicity of hexachlorobenzene has been found to be low (EPA
1985a). The following LD5Q values have been reported in the literature:
rats, 3,500-10,000 mg/kg; rabbits, 2,600 mg/kg; cats, 1,700 mg/kg; and mice,
4,000 mg/kg (EPA 1985b).

i
Subchronic oral toxicity studies conducted in several mammalian species •
indicate a significant increase in liver and kidney weights (EPA 1985a).
Histological changes have been Identified in the livers of exposed animals
(i.e., irregular shaped and moderately enlarged liver mitochondria and
increases in the size of the centrilobular hepatocytes) (EPA 1985b).

Chronic oral toxldty studies revealed similar effects to those seen in the
subchronic studies (EPA 1985a). In addition, hexachlorobenzene is associated
with increases 1n mortality and with lesions of the liver and kidney (EPA
1985a). Other effects reported Include multiple alopecia and scabbing,
associated with neurological effects In rats, mice and dogs (EPA 1985a).
Increased porphyrin levels In the liver and urine have been reported for all
species studied except the dog (EPA 1985a).

The exposure ofhumans to hexachlorobenzene (0.05 to 0.2 g/day) in Turkey from
1955-1959 resulted in hexachlorobenzene-induced porphyrla turclca (EPA
1985a). This disease is manifested by disturbed porphyrin metabolism,
cutaneous lesions and hyperpigmentation (EPA 1985a). Follow-up studies
conducted with patients 20 to 25 years after the onset of porphyrla showed
that a few patients still had active porphyrla, whereas 501 exhibited



1
hyperplgmentatlon and scarring as well as other dermatologlc, neurological and ^
skeletal features of hexachlorobenzene toxlclty (EPA 1985a>. i

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

•L
Applying EPA's criteria for evaluating the overall weight of evidence of
card nogenl dty to humans (EPA 1984b), hexachlorobenzene has been classified I
by EPA 1n Group B2—Probable Human Carcinogen. This category applies to
agents for which there 1s Inadequate evidence of cardnogenidty from human (
studies and sufficient evidence from animal studies (EPA 1984b).

- 1
female rats fed diets containing hexachlorobenzene for up to 2 years (EPA J

sponging to a 10 excess-
lifetime cancer risk Is 0.02 ug/liter (EPA 1984a). - I

*
EPA (1984c) derived a carcinogenic potency factor (q.) of1 '
1.7 (mg/kg/day) based on the Incidence of hepatocellular carcinoma in

irs
1984a). The concentration 1n drinking water corresponding to a 10 excess

J

The EPA Office of Drinking Water developed longer-term health advisories (HAs) I
of 0.175 mg/l1ter for a 70 kg adult and 0.050 mg/llter for a 10 kg child (EPA ^
1985b). The HAs are based on the study by Kulper-Goodman et al. (1977) 1n
which male and female Charles River rats were fed hexachlorobenzene at 0.5,
2.0, 8.0, or 32.0 mg/kg bw/day for 15 weeks. Female rats were found to be ,
more susceptible to hexachlorobenzene, as Indicated by all parameters studied, J
and a no-observed-adverse-effect level (NOAEL) of 0.5 mg/kg/day was concluded
by the authors. At higher doses there was an Increase 1n liver porphyrln J
levels 1n females and an Increase In the size of centrllobular hepatocytes
along with depletion of hepatocellular marker enzymes. I

The EPA Office of Drinking Water also developed a drinking water equivalent |
level (OWED for noncardnogenlc end points of toxlclty over a lifetime of -I
exposure (EPA 1985b). A drinking water equivalent level of 0.028 mg/Hter was ,
derived for a 70-kg adult drinking 2 liters of water per day. The derivation J
of the DWEl was based on a 130-week study 1n which male and female
Sprague-Dawley rats were exposed to hexachlorobenzene 1n utero. during J
lactation, and 1n the diet for the remainder of their lifetimes (EPA 1985b).
A NOAEL of 1.6 mg/kg (0.08 mg/kg bw/day) was Identified. At higher dietary |

J



levels, there was an Increase in the incidence of hepatic centrilobular
basopMlic chromogenesls. ERA (1985b) estimated the excess cancer risk that
would result if exposure were to occur at the DUEL over a lifetime. The
estimated excess cancer risk associated with lifetime exposure to drinking
water containing hexachlorobenzene at 0.028 mg/liter 1s approximately
1x10 . This estimate represents the .upper .951 confidence limit from
extrapolations prepared by EPA's Carcinogen Assessment Group using the
linearized, multistage model.

ERA (1980) has set ambient water quality criteria (AWQC) for hexachlorobenzene
of 7.2, 0.72, and 0.072 mg/liter corresponding to cancer risks of 10,
10" , and 10" , respectively, assuming 70-kg humans consume 2 liters water
and 6.5 g fish and shell fish.

SUMMARY OF HEXACHLOROBENZENE CRITERIA j

ERA carcinogen classification Group B
Oral carcinogenic potency factor 1.7 (mg/kg/day)'1

Longer-term HA:
Adult 0.175 mg/liter
Child 0.050 mg/liter

DWEL 0.028 mg/mer

AHQC (corresponding to a 10~6 0.720 mg/Hter
excess lifetime cancer risk

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH). 1986.
Documentation of Threshold Limit Values and Biological Exposure Indices.
5th. ed. Cincinnati, Ohio

CABRAL, J.R.P.,-SHUBIK, P., MOLLNER, T., and RAITANO, F. 1977. Carcinogenic
activity of hexachlorobenzene 1n hamsters. Nature 269:510-511

ENVIRONMENTAL PROTECTION AGENCY (ERA). 1980. Ambient Mater Quality Criteria
for Chlorinated Benzenes. Environmental Criteria and Assessment Office,
Cincinnati, Ohio. ERA 440/5-80-028

ENVIRONMENTAL PROTECTION AGENCY (ERA). 1984a. Health Effects Assessment for
Hexachlorobutadiene. Environmental Criteria and Assessment Office,
Cincinnati, Ohio. September 1986. ERA 540/1-86-017



ENVIRONMENTAL PROTECTION AGENCY (EPA). 1984b. Proposed guidelines for
carcinogen risk assessment; request for comments. Fed. Reg.
49:46294-46301 (November 23, 1984)

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1984c. Health Effects Assessment for
Hexachlorobutadiene. Environmental Criteria and Assessment Office,
Cincinnati, Ohio. September 1984. EPA 540/1-86-053

ENVIRONMENTAL PROTECTION AGENCY (EPA), 19B5a-. Drinking Water Criteria
Document for Hexachlorobenzene. Environmental Criteria and Assessment
Office, Cincinnati, Ohio. ECAO-CIN-424. (Final Draft)

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1985b. Draft Hexachlorobenzene Health
Advisory. Office of Drinking Water. Washington, D.C., September 1985

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1979. IARC Monographs on
the Evaluation of Carcinogenic Risk of Chemicals to Humans. Vols. 19 and
20. World Health Organization, Lyon, France

KUIPER-GOODMAN, T., GRANT, D.L., MOODIE, C.A., KORSRUD, G.O., and MUNRO, I.C.
1977. Subacute toxlclty of hexachlorobenzene in the rat. Toxicol. Appl.
Pharmacol. 40:519-549 '

t
SMITH, A.G., and CABRAL, J. 1980. Liver cell tumors 1n rats fed

hexachlorobenzene. Cancer Lett. 11(2):169-172



APPENDIX PHE-2

TOXICITY PROFILES OF SELECTED
INDICATOR CHEMICALS



PHENOL

INTRODUCTION

Phenol 1s a high volume industrial chemical that is widely used as an
intermediate in the manufacture of other chemicals and is a by-product of
combustion and some industrial processes. It is also produced by biological
processes, e.g., microbial metabolism in the gut and metabolism of certain
drugs in vivo (EPA 1980). It is a component of several over-the-counter
medicines for both topical and oral administration.

PHARMACQKINETICS

Phenol is readily absorbed through the gut, by inhalation, and j
percutaneously. Following absorption, the compound is rapidly distributed-
systemically. The majority of phenol and its metabolites are excreted rapidly
in the urine (EPA 1980).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

The National Cancer Institute (NCI 1980) conducted a subchronic (90-day) study
and a carcinogenesis bioassay of phenol administered in drinking water to
F344/N rats and B6C3F, mice. In the subchronic study, doses of 100, 300,
1,000, 2,000, and 10,000 ppm phenol were not associated with mortality or
histological changes; rats and mice of both sexes receiving 10,000 ppm
consumed less water than animals In the control or other treatment groups and
their body weights decreased. In the 105-week carcinogenesis bioassay, no
treatment-related mortality, tumors, or nonneoplastic lesions were reported in
rats or mice ingesting water containing 2,500 or 5,000 ppm phenol. A
dose-related depression in mean body weight, which was related to decreased
water consumption, occurred 1n both species of rodents.

Phenol exhibited tumor-promoting activity in the mouse skin painting system
following Initiation with 9,10-d1methy1-1,2-benzanthracene (DMBA) or
benzo(a)pyrene (BaP), and it exhibited cutaneous carcinogenic activity in a



sensitive mouse strain when applied at concentrations that produced repeated
skin damage (ERA 1980).

There are no data 1n the literature on the carcinogenicity of inhaled phenol
in experimental animals or humans. The compound is mutagenic in several
systems, but not in others (NCI 1980). There are no data on its
teratogenldty (ERA 1984a).

Signs of acute phenol toxlcity in humans and experimental animals are central
nervous system depression, collapse, coma, cardiac arrest, and death. Acutely
toxic doses can also cause extensive necrosis at the site of exposure (eyes,
skin, oropharynx) (ERA 1980).

In a subchronlc oral (gavage) study in rats (Dow Chemical Co. 1976), 0.1 g/kg
phenol induced "slight liver changes and slight to moderate kidney damage1' in
animals. However, lack of study details (numbers of animals, incidence
figures, specific lesions) 1n the 1980 ERA document make these results
unreliable for Interpreting the toxic changes. Subchronlc inhalation studies
conducted by Oeichmann and Witherup (1944) in guinea pigs, rabbits, and rats
were inadequately designed (no control groups). Therefore, caution should be
used in interpreting the pulmonary, myocardlal, renal, and hepatic damage as
compound induced. The results of other subchronlc inhalation studies are
difficult to interpret based on the Information 1n secondary sources (ERA
1980, 1984a).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying the criteria for overall weight of evidence of cardnogenecity
proposed by the Carcinogen Assesment Group of ERA (ERA 1984b), phenol has been
classified in Group 0—Not Classified (ERA 1984a). This category applies to
agents for which there are no data available regarding carcinogenicity in
humans or experimental animals.

A reference dose (RfO) of 0.1 mg/kg/day for 1ngest1on of phenol was based on
the Dow Chemical Co. (1976) subchronlc rat study. The ambient water quality
criterion (AHQC) of 3.5 mg/liter/day for drinking water was extrapolated from



this study. The ANQC based on organoleptic properties was established at 0.3
mg/llter (EPA 1980).

An inhalation acceptable intake chronic (A1C) of 1.4 mg/person/day was
recommended by EPA (1984a) based on the threshold limit value of 19 mg/m3

phenol established by the American Conference of Governmental Industrial
Hygienists (ACGIH 1983).

SUMMARY OF PHENOL CRITERIA

EPA Carcinogen Classification Group D
Reference dose (RfD) 0.1 mg/kg/day
AIC (inhalation) 1.4 mg/person/day
AWQC 3.5 mg/llter
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POLYCHLaRINATED BIPHENT2LS (PC3s)

INTRODUCTION

PCBs are complex mixtures cf chlocinated biphenyls. The conunercial PCS
mixtures that were manufactured in the United States were given the trade
name of "Aroclor." Aroclors are distinguished by a four-digit number (for
example, Aroclor 1260). The last two digits in the Aroclor 1200 series
represent the average percentage by weight of chlorine in the product.

QCRLITATIVE DESCRIPTION OF HEALTH EFFECTS

PHARMVCDKINETICS t
[

Absorption

PCBs are readily absorbed through the gastrointestinal (G.I.) tract and
somewhat less readily through the skin. G.I. absorption in rats is greater
than 90% for a wide range of isoners (Altro and Fishbein 1972). Dermal
absorption of Aroclor 1242 in a benzene/hexane solution was 15-34% in monkeys
Chester et al. 1983). PCBs are presumably readily absorbed from the lings,
but few data are available that experimentally define the extent of absorp-
tion after inhalation (EPA 1985a).

Metabolism and Excretion

Absorbed PCBs in the blood are distributed initially to the liver, but
within a few days the liver concentrations are greatly reduced as redistri-
bution occurs. Less chlorinated chlorobiphenyl isoners are metabolized,
but chlorobiphenyl iscmers with higher percentages of chlorine are very
lipophilic and are redistributed to adipose tissue, skin, and other organs
(Matthews 1983). The major metabolic products of PCBs are phenolic deri-
vatives or dihydrodiols.



Sequestering of PCs in adipose tissue isolates them from meta boll call y
active liver enzymes and greatly retards their clearance fron the body.
PG3 metabolites are excreted in the urine and bile, apparently exclusively
in the conjugated form. Excretion in urine is more prominent for less
chlorinated chlorobiphenyl -iscmers while bile becomes significant for more
highly chlorinated compounds (Safe 1380). Excretion of PCBs also has been
reported in milk (Deichraann 1981) .

Enzyme Induction

Like other organochlorine compounds, PCBs can cause marked induction of
mi or os anal enzymes. Microsonal mixed- function enzymes metabolize a large
variety of lipophilic compounds. In general, the intensity of induction

9

increases with increasing chlorination of the mixture of PCBs and is dose-'
related. The enhanced activity of hepatic enzymes induced by PCBs can
persist for a considerable period of time after dosing (NRCC 1978) .

NCNCaRCINOCENIC HEALTH Ut'kECTS

PCBs have a number of documented toxic effects on hunans and other mammals;
noncarcinogenic effects are sinmarized in the following subsections.

Health Effects Observed in Hunans

In considering the health effects of PCB exposure observed in hunans, it
is important to note that PCBs are often contaminated with highly toxic
impurities, particularly polychlorinated dibenzofurans (PCDFs). As the
effects due to PCTPs versus PCBs have not been separated in most human
studies and because the two cause similar effects, the following discussion
refers to comercial mixtures. The reader should recognize that at least
seme of the reported effects may be due to the PCDP impurities.

Dermatitis and chloracne (a disfiguring and long-terra skin disease) have
been the most prominent and consistent findings in studies of occupational
exposure to PCBs. Interpretation of these data is complicated by the



difficulty of diagnosing chloracne and the uncertainties of blood PCS deter-
minations. Reports of both chloracne and other PCB-related skin effects
have generally been associated with exposures to more highly chlorinated
?C3 mixtures containing 42% chlorine or more (Chase et al. 1982, Ernnett
et al. 1983, Maroni et al. 1981a,b, Fischbein et al. 1979). Smith et al.
(1982) reported no P03-related skin effects in workers exposed to high
levels of Aroclor 1016, which is less chlorinated.

Several studies examining liver function in exposed humans have reported
disturbances in blood levels of liver eizymes. Maroni et al. (1981b) ,
Chase et al. (1982), Smith et al. (1982) , and Emraett et al. (1983) found
statistically significant associations between blood PCS levels and elevated
levels of GGIP, SOOT, or both. There is no evidence that a "no-effect"
level exists for these effects, since correlations were found in individuals
with low mean blood PG3 levels. -

Reproductive outcomes of women exposed to PG3s fran high consunption of
PCs-contaminated fish from Lake Michigan were compared to births fron wonen
who reported no such exposure (Fein et al. 1984a,b, Jaoobson et al. 1983,
Jaoobson et al. 1984). Reduced birth weights, slow weight gain, reduced
gastational ages, and behavioral deficits in infants were reported in a
methodologically sound study. The study did not, however, rigorously establish
that the causative factor was exposure to PCBs rather than other contaminants
present in Lake Michigan fish.

Health Effects Reported frcm Animal Studies

Based on the published literature, reproductive, hepatic, and immunotoxic
effects appear to be the most sensitive end points of PCS toxicity in non-
rodent species, and the liver appears to be the most sensitive target organ
for toxicity in rodents.

PCBs are not highly toxic when given as a single oral dose to mammals (Kim-
brough et al. 1978), PCBs and would be classified as only slightly toxic
based on acute oral toxicity (Hodge and Sterner 1949). The more significant



toxic effects of ?03s are observed on repeated exposure over a period of
time.

The most consistent pathological changes occurring in mammals other than
nonkeys and mink after PCS exposure are in the liver (EPA 1985a). Fatty
deposits and increased liver si ass are commonly reported. Individual hepatocytes
may appear foamy and vacuolated. Cellular necrosis can occur at high doses,
and the location of lesions is often oentrilobular (Sleight 1983) .

Comparative studies have shown that Aroclor 1254 is usually the most he pa to-
toxic mixture. In rats, Aroclor 1260 was significantly less toxic to the
liver than Aroclor 1254 (Kimbrough et al. 1972). Arodors 1248, 1242,
and 1016 are progressively less toxic than Aroclor 1254 (Roller 1977, Burse
et al. 1974).

t

A skin syndrome similar to the effects seen in hunans has been reported
in monkeys. Barsotti et al. (1976) and Alien et al. (1979) fed diets con-
taining 2. 5 and 5 ppn Aroclor 1248 to rhesus monkeys for 7 months. Weight
loss, followed by hair loss, ache of the face and neck, eyelid edema and
erythema, and keratinization of hair follicles were reported. McNulty
et al. (1980) reported similar effects in rhesus monkeys exposed to Aroclor
1242 and individual chlorobiphenyl iscmers. These authors indicated that
swelling of the eyelids, resulting fron dilation of the Meibomian glands
is the most sensitive indicator of chlorinated aromatic hydrocarbon poisoning
of monkeys.

Reproductive effects of PCBs have been demonstrated in animals, but there
appear to be major differences in the susceptibility of different species.
Mink and monteys appear to be relatively sensitive; mice, rats, and rabbits
appear relatively insensitive.

Dietary adninistration of PCBs for 9 months prior to whelping caused low-
ered reproductive success in mink. Feeding Aroclor 1254 at 2 ppn or Aroclor
1243 at 5 ppm was detrimental to reproduction. Aroclor 1016 at concentrations



as high as 20 ppn did not lower the number of young born per fanale. The
PCBs were embryotoxic to dsveloping embryos, but spermatogenesis, oogen-
esis, aid implantation were unaffected. Transfer of PCBs to the surviving
pups through mother's milk was a significant contributing factor to offspring
exposure (linger 1993) .

.Monkeys also appear to be sensitive to the reproductive effects of PCBs.
Altered menstrual cycles, reduced breeding success, and lowered birth rates
were reported in monkeys exposed to dietary levels of 2. 5 and 5.0 ppn Aroclcc
1248 for 6 to 7 months before breeding (Barsotti et al. 1976) . When fanale
monkeys were exposed to 0. 5 or 1 ppm Aroclcc 1248 (three times per week)
for 7 months prior to breeding (Alien et al. 1979, Bowmen et al. 1981) ,
no toxic signs were observed in the mothers. The infants, however, had
reduced birth weights, developed hyper pi gnentation during nursing, aid [
were marginally hyperactive at age 12 months. "No-effect" levels have
not been demonstrated for reproductive effects in monkeys, since toxicity
was observed at the lowest doses tested. For comparison, Linder et al. (1974)
performed a two-generation study in rats and reported dose-related effects
(reduced numbers of litters, litter-si ass and pup survivals, and pathological
lesions in offspring) of Aroclor 1254 at dietary concentrations down to
20 ppm. Aroclor 1260 was not as toxic in the same experiment.

Immunotoxic and inraunosuppresive effects have been reported in most experi-
ments in which these end points have been investigated, and are among the
more sensitive indicators of PC3 exposure (EPA 1985a) . Monkeys seen to
be the most sensitive species; guinea pigs are relatively sensitive; and
rabbits, rats and mice appear relatively insensitive. Rhesus monkeys chron-
ically exposed to Aroclor 1248 exhibited atrophy or hypocellularity of
the thyraus, spleen, lymph nodes, and bone marrow; these effects were par-
ticularly marked in infants after chronic exposures of their mothers to
diets containing 2.5 ppm Aroclor 1248 (Alien and Barsotti 1976, Alien et al.
1980). Reductions in cell-mediated immunity, hunoral immunity, or both
were reported in monkeys chronically exposed to diets containing L 5 or
5 ppm Aroclor 1248 (Thomas and Hinsdill 1978) , and in monkeys dosed with



100 or 400 ug/kg/day Arcclor 1254 (Truelove et al. 1382). Increased suscepti
bilities to infectious diseases in PGJ-exposed monkeys have been reported
by Alien et al. (1979) , McNulty et al. (1980) , and Barsotti et al. (1976) .

.1EALTH. EFFECTS

A nunber of s tidies have suggested that PC3 mixtures are capable of increasing
the frequency of tunors in animals exposed to the mixtures for long periods.
Three studies in particular were well-conducted and well- reported. Kimbrough
et al. (1975) exposed female rats to 0 and 100 ppm Aroclor 1260 in the
diet for 20-21 months and the treated animals had a high f regaency of liver
tunors. The National Cancer Institute (NCI 1978) reported significant
dose-related increases of liver tunors and hyper pi as tic nodules in the
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livers of rats fed diets containing 0, 25, 50, or 100 ppm Aroclor 1254 »
for 104-105 weeks. Schaeffer et al. (1984) reported on a comparative study
in male rats of the car cinogeni city and chronic to xi city of Clophen A60
(equivalent to Arcclor 1260) and Clophen A30 (equivalent to Aroclor 1242)
fed at concentrations of 100 ppm in the diets for up to 832 days. A strong
carcinogenic effect of Clophen A60 (hepatocellular carcinomas and/ or neo-
plastic nodules) and a weaker carcinogenic effect of Clophen A30 (neoplastic
nodules) were reported.

Studies have suggested that PC3 mixtures can act to promote or inhibit
the action of other carcinogens in rats and mice. Preston et al. (1981)
reported that exposure to Arcclor 1254 at a concentration of 100 ppm in
the diet for 18 weeks markedly augnented the development of liver tunors
initiated by diethylnitrosamine in rats. In two-stage bioassay systems
in rat livers using diethylnitrosamine as an initiator, Clophen A50 (equiva-
lent to Arcclor 1254) and Arcclor 1254 were shown to have pr emoting activi-
ties by Oesterle and Deml (1984) and Pereira et al. (1982) , respectively.
The Oesterle and Deml (1984) study is noteworthy as the only dose-response
study of cancer pr emotion by POBs.

PCS mixtures and several iscmers have been studied for genotoxic effects,
and the results have been generally negative (EPA 1985a) . Studies of the



metabolic activation of PCBs and their ability to induce microsamal enzynes
have demonstrated that PCS isoners and their metabolites do bind to macro-
molecules, including DMA, with varying degrees of affinity. This suggests
that PCBs are capable of damaging DMA, but it is unclear whether the damage
is repairable or likely to produce permanent alterations in the genome.
Their ability to induce enzymes responsible for the metabolic activation
of other known mutagens and carcinogens may be the greatest genetic hazard
posed by PCBs.

QUANTITATIVE CESCRIPTTCN OF IEALTH EFFECTS

EPA Carcinogen Assessnent Group (EPA 1985a) calculated a low-level cancer
potency factor for PCBs based on a study of rats exposed to Aroclor 1260
(Kimbrough et al.r 1975). The data on liver tumor incidence in the rat ,
study was used in the linearized multistage model to calculate 95% upper
confidence limits on risk. The risks determined using this approach are
unlikely to underestimate the actual risks posed by exposure to low levels
of PCBs in the environment and may overestimate risk. The carcinogenic
potency factor for lifetime exposure to PCBs is 4.34 (mg/kg/day) , indicating
that a risk of 4.34 (upper bound) is associated with continuous lifetime
exposure to a dose of 1 rag/tag/day. EPA (1984) classified the weight of
the evidence for carcinogenicity as B2—Probable Hunan Carcinogen based
on sufficient evidence in animal bioassays and inadeqiate evidence from
studies in humans. Based on the Schaeffer et al. (1984) study, one would
expect less chlorinated PCS mixtures to be less potent, but potency factors
for mixtures other than Aroclor 1260 have not been calculated.

EPA (1980) derived an Ambient Water Quality Criterion (AWQC) for the protection
of hunan health from the potential carcinogenic effects of PCBs through
ingestion of contaminated water and contaminated acpatic organians. The
recommended AWQ3 corresponding to a 10H

risk over a lifetime is 0.079 ng/liter.
recommended AWQ3 corresponding to a 10 incremental increase of cancer

The American Conference of Governmental Industrial Hygienists (ACCZH 1986)
recommends a time-weighted average Threshold Limit Value (TD7) of 1 mg/m



for Arochlor 1242, which should offer good protection against systemic
intoxication. The ACGXH also recommends a tine- weighted average TC7 of
0. 5 rag/ra3 for Arochlor 1254.
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POLYCTCLIC AROMATIC HYDROCARBONS

INTRODUCTION

Polycyclic aromatic hydrocarbons 4PAHs) are a.diverse .class .of compounds
consisting of two or more fused aromatic rings. They are formed during
the incomplete combustion of materials containing carbon and hydrogen
and are ubiquitous in the modern environment. PAHs are commonly found
as constituents of coal tar, soots, vehicular exhausts, cigarettte smoke,
certain petroleum products, road tar, mineral oils, creosote, and many
cooked foods.

A number of reviews have been prepared on the toxicology of the PAHs.
The Environmental Protection Agency (EPA) prepared an Ambient Water Qua-Lity
Criteria Document on the general class of polynuclear aromatic hydrocarbons
(EPA 1980a) and also prepared Criteria Documents on several specific PAHs,
including acenaphthene, fluoranthene, and naphthalene (EPA 1980b-d).
More recently, EPA (1984a-f) prepared Health Effects Assessments for PAHs
as a class, for coal tars, and for the individual compounds benzo(a)pyrene
(B(a)P), naphthalene, phenanthrene, and pyrene. In addition to the EPA
documents, Santodonato et al. (1981) prepared a review and risk assessment
of polynuclear aromatic hydrocarbons, and the International Agency for
Research on Cancer (IAHC) reviewed the toxicity and carcinogenic!ty of
a large number of individual PAHs and PAH-containing mixtures (IARC 1973,
1983, 1984, 1985).

QUALITATIVE HSORIPTION OF HEALTH EtFECiS

Acute effects from direct contact with PAHs and related materials are
limited primarily to photo toxicity. Phototoxicity is caused by exposure
to a toxic substance followed by exposure to sunlight. The primary effects
are dermatitis—skin reddening, itching, and burning. NIOSH (1977) reviewed
the phototoxic effects of exposure to coal tar and found that phototoxicity
can result from a single 90-minute exposure to a 1% solution of coal tar.



These dermatoses usually disappear when contact with the sensitizer is
eliminated.

The polycyclic arcnatic hydrocarbons have been shown to cause cytotoxicity
in .rapidly .pcoliferating^cells throughout .the -body, -.with .the -hanatopoietic
system, lympnoid system, and testes frequently noted as targets (Santodonato
et al. 1981). This effect appears to be due to inhibition of Dt& replication
by the PAHs. Destruction of the sebaceous glands, hyperkeratosis, hyperplasia,
and ulceration have been observed in mouse skin following dermal application
of the carcinogenic PAHs, with the degree of induced morphological changes
appearing to correlate with the carcinogenic activity. However, it does
not seem that this dermal toxicity is necessary or sufficient for carcino-
genes is (Santodonato et al. 1981). It should be noted that similar types
of dermatitis have been observed in workers exposed to such PAH-contain-lngt
materials as coal tar and mineral oil. The carcinogenic PAHs have also
been shown to have an iranunosoppressive effect in animals. Again, it
is not clear what relationship, if any, this immunosuppression has with
carcinogenesis.

Sane of the noncarcinogenic PAHs have been shown to cause systemic toxicity,
but these effects are generally seen only at rather high doses (Santodonato
et al. 1981). For example, slight morphological changes in the livers
and kidneys of rats have been reported following oral administration of
acenaphthene. Oral administration of naphthalene to rabbits has resulted
in cataract formation.

Ncnneoplastic lesions are seen in animals exposed to the more potent carcino-
genic PAHs only after exposure to levels well above those required to
elicit a carcinogenic response. Consequently, carcinogenicity is the
toxic effect of greatest public health concern following exposure to materials
containing carcinogenic PAHs. A number of the PAHs have been shown to
be potent carcinogens, producing tumors both at the site of application
and systemically, in several different animal species, when administered
by any of a number of routes. For example, Bigdon and Heal (1969) reported
gastric tumors, pulmonary adenomas and leukemias in mice fed B(a)P, and



intratracheal instillation of a number of PAHs has been shown to cause
lung tumors in both mice and hamsters (Santodonato et al. 1981). In addition,
IARC (1984, 1985) have noted that occupational exposure to coal soot,
coal tar and pitch, coal tar fumes, and seme impure mineral oils causes
.cancer in .hunans at several sites, including the skin, and concluded that
there is sufficient evidence that scots, tars, and sane mineral oils are
carcinogenic in hunans. Fractionation procedures have demonstrated that
the PAHs are the carcinogenic agents in coal tar.

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Not all PAHs have been demonstrated to be carcinogenic in animals, and
sane carcinogenic PAHs are clearly more potent than others (IARC 1983) .
A number of factors have been shown to influence the relative carcinogenic
potencies of the PAHs. These include planarity of the molecule, cellular
absorption, binding affinity, the presence or absence of a particular
molecular structure, and the electron configuration of the molecule (Dipple
et al. 1984, Frierson et al. 1986). In addition, genetic differences
in the exposed animals, particularly in their ability to produce aryl
hydrocarbon hydroxylase (AHH), have been shown to influence carcinogenic
potency. Finally, the PAHs are not ultimate carcinogens but must be metabolized
before they beoone biologically activated. A complete description of
the complex metabolism of these compounds is beyond the scope of this
report, but a detailed review of the factors influencing the carcinogenicity
of the PAHs and metabolism of these compounds can be found in Dipple et al.
(1984), Santodonato et al. (1981), and Frierson et al. (1986). For purposes
of risk assessment, it is sufficient to note that the potencies of different
PAHs vary over a wide range and that a number of factors, including factors
specific to the chemical, the host animal, and the circumstances of exposure,
affect carcinogenic potency.

For practical purposes, the PAHs are often separated into two categories,
the "carcinogenic" and the "noncarcinogenic" PAHs. This is a somewhat
misleading categorization as many of the "noncarcinogenic" PAHs have been
shown to have seme, albeit weak, carcinogenic activity, or to act as promoters



or oocarcirogens. A more accurate designation vgould be to differentiate
between potent carcinogens, weak carcinogens, and noncarcinogens. Another
factor complicating the assessment of risks posed by the PAHs is that
they do not occur alone in nature, but occur as complex mixtures containing
.numerous-RAHs .of varying .carcinogenic -potencies. The .potential interactions
of the individual PAHs present as components of these mixtures must be
addressed in attempting to quantify the carcinogenic risks posed by exposure
to the mixtures.

The approach adopted by EPA (1980a, 1984a) as the basis for risk assessment
is to apply a carcinogenic potency factor calculated from assays on B(a)?
to the subclass of carcinogenic PAHs within the mixture that is to be
assessed. This approach involves three assumptions: (1) that all carcinogenic
PAHs have the same potency as B(a)P; (2) that their effects are additiu*;»
and (3) that the noncarcinogenic PAHs do not contribute to the carcinogenic
effects of the mixture. Although there is limited empirical evidence
to support assumptions (2) and (3), assumption (1) may lead to large over-
estimates of risk because B(a)P is one of the most potent carcinogens
among the PAHs and is usually present only in a small percentage of the
total mixture.

EPA (1980a, 1984a) calculated a value of 11.5 (mg/kg/day)'1 as the carcino-
genic potency factor (upper bound on lifetime risk) for oral exposure
to the carcinogenic PAHs, based on the study of Neal and Pigdon (1967)
in which oral administration of B(a)P led to forestomach tumors in mice.
EPA (1984a) calculated a cancer potency factor for inhalation of B(a)P
based on the- study of Thyssen et al. (1981 as cited in EPA 1984a). This
assay evaluated the production of respiratory tract tumors in hamsters
using B(a)P at concentrations of 2.2-9.5 mg/ra . The linearized multistage
model yielded a carcinogenic potency factor of 6.11 (mg/kg/day) .

EFA's Carcinogen Assessment Group has not reported a risk assessment for
dermal exposure to the carcinogenic PAHs. Santodonato et al. (1981) performed
risk assessments for both dermal and oral exposure and indicated that



B(a)P was more potent when applied dermally than when administered orally.
A number of factors may account for this difference in relative potency
and a complete derivation of a dermal potency factor is beyond the scope
of this profile.

In addition to quantification of the effects of individual PAHs, EPA developed
a cancer potency factor for inhalation of coal tar pitch volatiles (EPA
1984b). This study evaluated epidemiological data from exposure of coke
oven workers to between 0 and greater than 700 mg/m3-month coal tar vapors.
The equivalent incremental risk calculated from the study was 3.2 (rag/kg/day)~ .
Coal tar pitch volatiles were classified in Group A—Human Carcinogen.

IARC (1983) in reviewing the carcinogenic!ty of the PAHs, indicated those
for which there was sufficient, limited, inadequate, or adequate negative
evidence of carcinogenic!ty (Table 1). The more potent carcinogens are•
almost certainly included within the group for which sufficient evidence
of carcinogenicity is available.



TABLE 1

CLASSIFICATICN CF PAHs ACCORDING TO
EVIDENCE FOP CARCINOCZNICTTY

Chemicals for which there is sufficient evidence that they are carcinogenic
in animals:

Benao(a)anthracene 7H-Dibenao(c,g)carbaaole
Benao(b)fluoranthene Dibenzo(a,e)pyrene
Benao(j)fluoranthene Dibenao (a,h)pyrene
Benao(k)fluoranthene Dibenao(a,i)pyrene
Benzo(a)pyrene Dibenao(a,1}pyrene
Dibenao(a,h)acridine Indeno(l,2,3-c,d)pyrene
Dibenzo(a,j)acridine 5-Methylchrysene
D iben ao(a,h)anthracene

Chemicals for which there is limited evidence that they are carcinogenic
in animals: |

Anthranthrene Dibenao (a ,c) anthracene
Benzo(c)acridine Dibenao(a,j)anthracene
Carbazole Dibenao (a,e)fluoranthene
Chrysene 2-, 3-, 4-, and 6-Methylchrysene
Cyclopenta(c,d)pyrene 2- and 3-Methylfluoranthene

Chemicals for which the evidence is inadequate to assess their carcinogenicity:

Benzo(a)acridine Coronene
Benao(g ,h, i)fluoranthene l, 4-Dimethylphenanthrene
Benao(a)fluorene Fluorene
Benao(b)fluorene 1-Methylchr ysene
Benao(c)fluorene 1-Methylphenanthrene
Benao (g,h,i) per ylene Perylene
Benao(c)phenanthrene Phenanthrene
Benao(e)pyrene Triphenylene

Chemicals for which the available data provide no evidence that they are
carcinogenic:

Anthracene Pyrene
Fluoranthene

SOURCE: IARC 1983
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TQIUENE

Tol̂ aene-oacurs -naturally -as a component -of -petroleum oil. It is used in the
production of benzene and other organic solvents and as a solvent for paints,
coatings, guns, oils, and resins.

PHAFMAODKINE'nCS

In humans, toluene is absorbed quickly through the respiratory tract; dermal
absorption of aqueous toluene is directly related to concentration (EPA
1985a) . Because of its lipophilic nature and low water solubility, toluene is
expected to distribute and accumulate in lipid tissue (EPA 1985b) . In hunpns
and animals, toluene is excreted via the urine as the metabolite hippuric acid
and through pulmonary exhalation as the unchanged compound (EPA 1985a) .

QUALITATIVE DESCRIPTION OF HEAIJH EFFECTS

Toluene has not been adequately tested for carcinogenicity. A chronic
(106-week) oral bioassay of toluene conducted in F344 rats of both sexes
resulted in no carcinogenic effects (CUT 1980 as cited in EPA 1985b) . Gross
and microscopic examination of tissues and organs revealed no increase in
neoplastic tissues or tumor masses among rats treated at 30, 100, or 300 ppm
when compared with controls. However, the highest dose used did not approach
the maviTMtjn tolerated dose (MID) ; therefore, it has been suggested that
toluene may not have been adequately tested for carcinogenicity. The National
Toxicology Program is currently conducting an inhalation carcinogenicity
bioassay in rats and mice (NTP 1985 as cited in EPA 1985a) .



MUEAGENICTIY

Toluene has been tested for genotoxicity by many investigators using various
assay methods and has not been demonstrated to be genotoxic (EPA 198 5a) .

EFFECTS

Toluene administered by gavage to CD-1 mice at 260 mg/kg/day on days 6-15 of
gestation caused embryo deaths, and higher doses (430 or 870 mg/kg/day) also
caused fetal and maternal toxicities and cleft palates (Nawrot and Staples,
1979 Abstract as cited in EPA 1985b) .

ACUTE/CHRONIC EFFECTS

The oral 11)50 *" rats i* between 5,300 and 7,500 mg/kg (EPA 1985b) . The c5Q
for inhaled toluene is 4,618 ppm after a 6-hour exposure in rats (EPA 198 5a) .
The dermal IDso in rabbits is 12.2 g/kg (EPA 1985a) . In experimental animals,
acute oral and inhalation exposures to toluene result in CMS depression and
histological changes in the lungs, liver, and kidneys (EPA 1985b) . In humans,
the major acute effects of toluene (375-1,500 mg/m3) are CNS depression and
narcosis (EPA 1985b) .

Toxic effects following prolonged exposure of experimental animals to toluene
are similar to those seen following acute exposure, predominantly to the CNS,
liver, kidneys, and lungs (EPA 1985b) . In humans, chronic exposures to
toluene vapors at levels of approximately 200 and 800 ppm have been associated
with CMS and, possibly, peripheral nervous system effects, hepatomegaly, and
hepatic and renal function changes (EPA 1985b) .

CESCRufrxON OF HEAUIH

Applying EPA's criteria for evaluating the overall weight of evidence of
carcinogenicity to humans (EPA 1986a) , toluene is most appropriately
classified in Group D — Not Classified. This category indicates that the
evidence for carcinogenicity in animals is inadequate (EPA 1986a) .



The ADI Work Group of the Risk Assessment Forum (EPA 1986b) has identified an
oral risk reference dose (RfD) of 0.3 mg/kg/day (20 rag/day for a 70-kg man).
The risk RfD is based on a 24-month chronic toxicity study conducted in male
and female F344 rats (CUT 1980). Toluene was administered by inhalation at
30, 100, or 300 ppm to 120 male and female F344 rats, 6 hours/day, 5
days/week. The same number of animals was used as a control. Clinical
chemistry, hematology, and urinalysis testing were cotrfrr't'*d at 18 and 24
months. All parameters measured at the termination of the study were normal
except for a dose-related reduction in hematocrit values in females exposed at
100 and 300 ppm toluene. Based on these findings, a
no-cbserved-adverse-effect level (NQAEL) of 300 ppm was identified and an oral
RfD of 0.3 mg/kg/day was derived.

The EPA Office of Drinking Water developed one-day, ten-day, and lifetime '
health advisories (HAs) for toluene (EPA 1985a). The one-day HA values, '
derived for a 10-kg child and a 70-kg adult, are 18.0 and 63.0 rag/liter,
respectively. The ten-day HA values are based on the accumulated data on
human inhalation exposure to toluene which indicate that approximately 100 ppm
toluene for up to 8 hours/day causes no apparent adverse effects in humans.
The ten-day HA values, derived for a 10-kg child and a 70-kg adult, are 6.0
and 21.0 mg/liter, respectively. The lifetime health advisory was based on
the study by CUT (1980) described above. A NQAEL of 300 ppm was identified
and used to derive the risk reference dose of 0.288 mg/kg/day. The resultant
adjusted acceptable daily intake (AADI) for toluene was 10.1 mg/liter. EPA's
Office of Drinking Water has proposed a recommended maximum contaminant level
(BMCL) of 2 mg/liter for toluene based on consideration of a source
contribution factor of 20%.

The American Conference of Governmental Industrial Hygienists has recommended
a time-weighted average threshold limit value of 100 ppm (approximately
435 mg/m3) for occupational exposure to toluene.



SUMMARY OF TOLUENE CRITERIA

EPA carcinogen classification Group D

One-day HA:
Child -ia..O.JDg/liter
Adult 63.0 rag/liter

Ten-day HA:
Child 6.0 rag/liter
Adult 21.0 rag/liter

Lifetime HA (AADI) 10.1 rag/liter

Oral RfD 0.3 mg/kg/day
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TRICHLOROETHYLENE

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Trichloroethylene is a central nervous system depressant from acute and
chronic exposure. High level exposure can result in death due to respiratory
and cardiac failure. Trichloroethylene was once used as a general anesthetic,
but its use was discontinued due to longer-term CMS effects. The longer-
term effects may have been due to impurities introduced by soda lime used
to remove carbon dioxide (EPA 1980).

The extent of trichloroethylene absorption after oral ingestion is virtually
complete. With air exposure, absorption is proportional to concentratiori
and duration of exposure. Trichloroethylene is eliminated by pulmonary
excretion of the unchanged parent compound and by liver metabolian of
urinary metabolites (EPA 1985a).

The hepatotoxic potential of trichloroethylene has been evaluated in human
and animal studies. Animal studies have revealed transient increased
liver weights, but relative liver weights decreased post-exposure (Kjellstrand
et al. 1983 as cited in EPA 1985a). Observations of liver or renal dysfunc-
tion in workers have been infrequent, and factors other than trichloroethylene
probably were more causally related to the hepatorenal disturbances noted
(EPA 198Sa).

Industrial use* of trichloroethylene is often associated with dermatological
problems. These include reddening and skin burns on contact, and dermatitis
resulting from vapors. These effects are usually the result of contact
with concentrated solvent, however, and no effects have been reported
with exposure to trichloroethylene in dilute, aqueous solutions (EPA 1985a).

Studies investigating the carcinogenic potential of trichloroethylene
have been carried out, and two of these studies revealed significant increases



in the incidence of liver timers among both sexes of B6C3F1 mice exposed
by gavage (NCI 1976, NTP 1982 as cited in EPA 1985a).

There is disagreement in the scientific conmunity about the relevance
of mouse liver tumors as indicators of hunan oanoar risk. rSeveral strains
of laboratory mice, including the B6C3F1 hybrid, appear to develop a high
and variable proportion of liver tumors with or without exposure to chemicals.
Certain scientists believe that the increased incidence of mouse liver
tumors should be treated in the same manner as the increased incidence
of tumors at other rodent organ sites, while others believe that mouse
liver tumors are an experimental artifact which is not relevant to human
hazard (EPA 198Sb).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS !

EPA1s Science Advisory Board examined the toxicology of trichloroethylene
and its ranking under the IARC criteria. The majority of the Committee
members felt that the compound should be classified in IARC Category 3
(compound cannot be classified as to its carcingenicity in humans), while
one member felt that IARC category 2B (probable hunan carcinogen) was
more appropriate. The committee concluded that a definitive scientific
opinion concerning the carcinogenicity of trichloroethylene could not
be made at that time because the interpretation of male mouse hepatocellular
carcinomas is uncertain and the animal evidence is limited (EPA 1985b) .

EPA's Risk Assessment Forum classified trichloroethylene in Group B2 (probable
human carcinogen, sufficient animal evidence of carcinogenicity and inadequate
human evidence). The National Academy of Sciences has classified it as
an animal carcinogen (EPA 1985b). Expressed in terms of relative potency,
trichloroethylene ranks in the lowest quartile among the suspect or known
human carcinogens evaluated by EPA's Carcinogen Assessment Group (CAG)
(SPA 1985a).

CAG derived carcinogenic potencies (qt) of 1.1x10 (mg/kg/day)~ for
-3 -1oral exposure and 4.6x10 (mg/kg/day) for inhalation exposure, derived



from the mouse liver tumor data in the NCI (1976) and NTP (1982) gavage
studies (EPA 1984a).

EPA (19845) determined a lifetime health advisory based on a study by
Kiramerle and Eben (1973) that reported increased liver weights when rats
were administered 55 ppm trichloroethylene for 14 weeks. The estimated
excess cancer risk associated with lifetime exposure to drinking water
containing 260 ug/liter of trichloroethylene is 8.2x10" .

STANDARDS AND CRITERIA

EPA carcinogen classification Group B2

Oral carcinogenic potency (q) 1.1x10 (mg/kg/day)"1 •

Inhalation carcinogenic potency (gj) 4.6x10 (mg/kg/day)

Proposed MCL (EPA 198 5c) 5 ug/liter

Lifetime Health Advisory 260 ug/liter (for noncar-
cinogenic effects only)
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VINYL CHLORIDE

Vinyl chloride and polyvlnyl chloride (PVC) are synthetic chemicals used as
starting materials 1n the rubber, paper, glass, and automotive Industries.
They are used 1n the manufacture of a wide variety of products, Including
electrical wire Insulation, piping, food packaging materials, medical
supplies, and building and construction products (EPA 1987a).

TOXICQKINETICS

Vinyl chloride 1s rapidly absorbed 1n rats following 1ngest1on and Inhalation
exposure. Dermal absorption of vinyl chloride 1s minor. Absorbed vinyl
chloride 1s distributed primarily to the Hver and kidney, with lower levels
found 1n muscle, lung, fat, spleen, and brain . The toxlclty of vinyl
chloride appears to be attributable to Its metabolism In the Hver to reactive
polar metabolites. The metabolism to toxic metabolites 1s saturable between
105 and 220 ppm. At low doses of vinyl chloride, metabolites are excreted
primarily 1n the urine. At high doses most of the solvent 1s expired as
unchanged vinyl chloride (EPA 1980, 1985a,b).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

Occuptlonal exposure to vinyl chloride has been associated with an Increased
Incidence of hepatic anglosarcoma. Vinyl chloride exposure has also been
Implicated 1n brain, lung, and hemolymphopo1et1c cancers in humans. Animal
studies 1n several species support the findings of ep1dem1olog1cal studies.
Chronic Inhalation and 1ngest1on of vinyl chloride has Induced cancer in the
Hver (liver anglosarcomas and hepatocellular carcinomas) and 1n other tissues
1n rats and mice (IARC 1979).



MUTAGENICITY

The mutagenlc effects of vinyl chloride have been demonstrated in
metaboHcally activated systems using S. tvohlmurlum. E. coll. yeast, germ
cells of Drosophlla, and Chinese hamster V79 cells. Vinyl chloride was
effective 1n producing chromosome damage 1n rat bone marrow after a
multiple-exposure regime. Tests for chromosomal aberrations 1n humans have
yielded Inconsistent results (EPA 1985a).

TERATOGENICITY/REPRODUCTIVE EFFECTS

Inhalation exposures of rats, rabbits, and mice to vinyl chloride did not
Induce teratogenlc effects (EPA 1985a). Evidence for an association between
human exposure to vinyl chloride and birth defects or fetal loss is
conflicting (EPA 1987a). Potential effects on reproductive capacity have not
been studied.

ACUTE/CHRONIC EFFECTS

At high Inhalation exposure levels, workers have experienced dizziness,
headaches, euphoria, and narcosis. In experimental animals, inhalation
exposure to high levels of vinyl chloride can induce narcosis and death.
Lower doses result in ataxla, narcosis, congestion, and edema of the lungs and
hyperemia in the liver (EPA 1985a).

Chronic Inhalation exposure of workers to vinyl chloride is associated with
hepatotoxicity, central nervous system disturbances, pulmonary insufficiency,
cardiovascular toxicity, gastrointestinal toxlcity, and acro-osteolysis (EPA
1985a). Chronic studies of experimental animals exposed to vinyl chloride by
inhalation or ingestlon report effects involving the liver, spleen, kidneys,
hematopoietic system, and skeletal system (EPA 1984).



QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying EPA's criteria for evaluating the overall weight of evidence of
cardnogenldty to humans, vinyl chloride has been classified 1n Group
A—Human Carcinogen (ERA 1984).

EPA (1984) reported carcinogenic potency factors (q̂ ) for exposure by
Inhalation and 1ngest1on to vinyl chloride. The q^ for Inhalation 1s based
on an Inhalation bloassay 1n rats (Maltonl and Lefemlne 1975). Groups of 64
to 96 Sprague-Dawley rats were exposed to various concentrations of vinyl
chloride for 4 hours a day, 5 days a week, for 52 weeks, and the survivors
were sacrificed after 135 weeks. Anglosarcomas, particularly of the liver,
were the predominant tumors observed. The linearized multistage model was
fitted to the Incidences of male and female rats with any type of malignant
tumor (6/58, 10/59, 16/69, 22/59, and 32/59 1n the 0-. 50-, 250-, 500-, and
2,500 ppm dose groups, respectively. The 6,000- and 10,000-ppm groups were
not Included in the final fitted model because the tumor Incidence was said to
have effectively plateaued at 51.71 and 62.31. Using the linear nonthreshold
model, the data of Maltonl and Lefemlne (1975), and 1nterspec1es scaling

2 1factors, a human q^ of 2.5x10 (mg/kg/day) was calculated.

The q,* for oral exposure to vinyl chloride 1s based on a long-term
1ngest1on study 1n rats (Feron et al. 1981). Groups of male and female Hi star
rats were exposed to vinyl chloride via 1ngest1on of polyvlnyl chloride powder
containing some unreacted monomer. The doses of vinyl chloride administered
were 0, 1.7, 5.0, and 14.1 mg/kg/day. Dosing was continued for lifetimes with
terminal sacrifices at 135 weeks for males and at 144 weeks for females. A
significant dose-related Increase In the Incidence of hepatocellular
carcinomas and hepatic anglosarcomas was observed in both males and females,
with anglosarcomas becoming more prevalent with increasing doses. The
linearized multistage model was fitted to the Incidences of total female rats
with tumors (2/57, 26/58, 42/59, In the 0-, 1.7-, 5.0-, and 14.1-mg/kg/day
dose groups, respectively). The Incidence of hepatocellular carcinoma was not
included in these tallies; it was assumed that rats having hepatocellular
carcinoma also had hepatic neoplastlc nodules which were included in the
tallies. In addition, the total number of animals bearing tumors in the high



dose group was arbitrarily reduced to one less than the total number of
animals examined, so the data would fit the linear nonthreshold model used for
estimation of carcinogenic potency. Using the data of Feron et al. (1981) and
interspedes scaling factors, a human q^ of 2.3 (mg/kg/day)~ was
calculated. The concentration 1n drinking water corresponding to a 10
excess lifetime cancer risk 1s 0.015 ug/Hter. The ERA Carcinogen Assessment
Group (CAG) 1s presently reassessing the cancer risk estimate based on the
Feron et al. (1981) study by evaluating the more recent data by T11 et al.
(1983) which 1s an extension of the earlier Feron et al. (1981) work, but
Includes lower doses.

ERA promulgated a drinking water maximum contaminant level goal (MCLG) of zero
because vinyl chloride 1s a human carcinogen. A drinking water MCL of
0.002 mg/llter has also been promulgated (ERA 1987b).

SUMMARY OF VINYL CHLORIDE CRITERIA

ERA carcinogen classification Group A
Oral carcinogenic potency factor (qi*) 2.3 (mg/kg/day)-1

Inhalation carcinogenic potency factor (qi*) 2.5xlO~2 (mg/kg/day)-1

MCLG 0 ]ag/liter

Final MCL 2 >ig/l1ter
AHQC (10~6 upper-bound excess

lifetime cancer risk) 0 (2 jig/liter)

REFERENCES

ENVIRONMENTAL PROTECTION AGENCY (ERA). 1980. Ambient Water Quality
Criteria for Vinyl Chloride. Office of Water Water Regulations and
Standards, Criteria and Standards Division, Washington, D.C. October
1980. ERA 440/5-80-078

ENVIRONMENTAL PROTECTION AGENCY (ERA). 1984. Health Effects
Assessment for Vinyl Chloride. Environmental Criteria and Assessment
Office, Cincinnati, Ohio. September 1984. ERA 540/1-86-036

ENVIRONMENTAL PROTECTION AGENCY (ERA). 1985a. Drinking Water Criteria
Document on Vinyl Chloride. Office of Drinking Water. Washington, D.C.
January 1985. Final Draft



ENVIRONMENTAL PROTECTION AGENCY (EPA). 19855. National primary drinking
water regulations; volatile synthetic organic chemicals, final rule.
Fed. Reg. 50:46880-46901 (November 13, 1985)

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1987a. Health Advisory for Vinyl
Chloride. Office of Drinking Hater, Criteria and Standards Division.
Washington, D.C. March 31, 1987

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1987b. National primary drinking
water regulations—synthetic organic chemicals; monitoring for
unregulated contaminants; final rule. Fed. Reg. 52:25690-25717 (July 8,
1987)

FERON, V.J.. HENDRIKSEN, C.F.M., SPEEK, A.O., TIL, H.P., and SPIT, B.J.
1981. Llfespan oral toxldty study of vinyl chloride In rats. Food
Cosmet. Toxlcol. 19:317-333

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1979. IARC Monographs on
the Evaluation of the Carcinogenic Risks of Chemicals to Humans. Vol.
20: Some Halogenated Hydrocarbons. World Health Organization, Lyon,
France

MALTONI, C., and LEFEMINE, G. 1975. Cardnogenicity bloassays vinyl
chloride. Current results. Ann. NY Acad. Sc1. 246:195-218

TIL, H.P., IMMEL, H.R., and FERON, V.J. 1983. Llfespan Oral Cardnogenicity
Study of Vinyl Chloride 1n Rats. Final Report. C1vo Institutes TNO
Report No. V 83 285/29109



XYLENES

INTRODUCTION

Xylenes are used as solvents for paints, inks, and adhesives and as components
of detergents and other industrial and household products. Xylene has
three isoraers, o, m-, and p_-xylene. These three oompounds generally have
similar chemical and biological characteristics and therefore will be discussed
together.

PHARMAOOKINETICS

Although the available data are limited, inference from metabolism and \
excretion studies suggests that absorption of orally administered xylene
is nearly complete. Data from animals and humans suggest that approximately
60% of an inhaled dose is absorbed. Dermal absorption is reported to be
minor following exposure to xylene vapor but may be significant following
contact with the liquid (EPA 1985a). Elimination of xylenes is through urinary
excretion of metabolites and through pulmonary exhalation of unchanged
solvent (EPA 1985b).

QUALITATIVE INSCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY.

The National Toxicology Program (HEP) has tested xylene for carcinogenicity
by administering the compound orally to rats and mice. Although the results
have not been finalized, xylene does not appear to be carcinogenic in rats
(EPA 1985b). Results have not been reported for mice.

MUTAQ3NICITY

Xylene was not found to be mutagenic in a battery of short-term tests (Litton
Bionetics 1978) .



TSRATOGENICITY/REPRODUCTIVE

Xylene appears to be fetotoxic and may increase .nalformations in the offspring
of exposed experimental animals. Except for one oral study in mice in
•which .the Incidence .of cleft palates was increased, the available teratogenic
studies have reported generally retarded skeletal development and body
weight gains in fetuses (EPA 1985a).

ACUTE/CHRONIC blFFHCTS

Most of the available toxicity data for xylene assesses the adverse effects
associated with exposure by inhalation. Acute exposure to relatively high
concentrations of xylene adversely affects the central nervous systan and
lungs, and can irritate the mucous membranes. The liver is reportedly ;
affected by longer-term exposure to lower levels of xylene (EPA 1984, 1985a).

QUANTITATIVE DESCRIPTION OF HEALTH

Using the criteria for evaluating the overall weight-of-evidence of carcinc-
genicity to humans proposed by EPA's Carcinogen Assessment Group (EPA 1986) ,
xylene is most appropriately assigned to Group D—Not Classified because
of inadequate data from animal studies.

The EPA Office of Drinking Water proposed a recommended maximum contaminant
level (RMCL) of 0.44 mg/liter based on an inhalation study in rats, guinea
pigs, monkeys, and dogs (Jenkins et al. 1970). The experimental animals
were exposed continuously for 90 days at a dose level of 337 rag/ra . No
significant effects were observed with respect to body weight, hematology,
and histopathological examination of treated animals. Using 337 rag/ra
as the no-observed-adverse-effect level (NQAEL), an uncertainty factor
of 1,000 for an animal study with few animals per dose level, and assuming
consumption of 2 liters of water per day, a provisional adjusted acceptable
daily intake of 2.2 mg/liter was calculated. The proposed RMZL was derived
from this value by assuming a 20% drinking water contribution to total
exposure (EPA 1985a,c).



EPA1s Office of Drinking Water also drafted short-term assessments for
xylene. One-day and longer-term health advisories of 42 mg/liter and 27.3
mg/liter were recommended. The one-day value was based on a NOAEL identified
in a single-exposure inhalation study in humans, and the longer-term value
was based on a NOAEL identified in a subchronic inhalation study in experi-
mental animals (EPA 1985a).

The SPA (1984) health effects assessment for xylene derived oral subchronic
acceptable intake (AIS) and chronic acceptable intake (AIC) values of 0.1
mg/kg/day and 0.01 rag/kg/day, respectively, based on a subchronic dietary
exposure study in rats (Bowers et al. 1982). Groups of five male Long-
Evans rats received approximately 10 mg/kg/day o-xylene in the diet for
1, 2, 3, or 6 months. No gross or light microscopic effects were observed.
However, ultrastructural changes in liver morphology, which the EPA did

;
not consider to be toxicologically significant, were noted. The exposure »
dose of 10 mg/kg/day was thus identified as the NOAEL and, incorporating
an uncertainty factor of 100, the AIS for xylene was calculated. The AIC
was derived by incorporating an additional uncertainty factor of 10. Based
on available information, EPA assumed that until more experimental data
become available it may be appropriate to apply the AIS and AIC derived
from the o-xylene study to mixed xylenes and m-xylene, but not to g-xylene.

ZPA (1984) derived an inhalation AIS based on a study in female Charles
River CD rats exposed to mixed xylenes at 433 or 1,733 rag/m on days 6
through 15 of gestation, 6 hours/day (Litton Bionetics 1978 as reported
in EPA 1984). An increased number of fetuses, but not litters, with skeletal
abnormalities was observed in the high dose group. The lower exposure
concentration clearly defined a no-observed-effect level (NOEL) of 69 mg/kg/day.
The NOEL was divided by an uncertainty factor of 100 to give an AIS of
0.69 mg/kg/day. Carpenter et al. (1975) defined an inhalation NOEL of
398 rag/kg for mixed xylenes in a subchronic inhalation study in rats.
Applying an uncerainty factor of 1,000, EPA recommended an inhalation AIC
of 0.398 rag/kg/day.



The American Conference of Governmental Industrial Hygienists (ACGIH 1986)
has recommended a time-weighted average threshold limit value (TLV) of
100 ppn (approximately 435 rag/m ) for occupational exposure to xylene.
It is believed that at this concentration, irritant effects will be minimal,

SUMMARY OF XYLENE CRITERIA

EPA carcinogen classification Group D
One-day HA 42 mg/liter
Longer-term HA 27.3 rag/liter
SPA Proposed RMCL 0.44 mg/liter
EPA Health Effects Assessment

Oral AIS 0.1 mg/kg/day
Oral AIC 0.01 mg/kg/day
Inhalation AIS 0.69 mg/kg/day
Inhalation AIC 0.398 mg/kg/day •
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ZINC

INTRODUCTION

Zinc (Zn) is a silvery metal of low to intermediate hardness, atomic number 30
and atomic weight 65.38 g/mole. Primary uses of zinc in industry are as
a component of dry cells and other batteries, in electrogalvanizing, and
as alloys. Zinc compounds are used therapeutically as topical astringents,
antidandruff products, antiseptics, and emetics.

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Zinc is an essential element, and it is present in a number of metalloenzymes,
including carbonic anhydrase carboxypeptidase, alcohol dehydrogenase, glu&amic
dehydrogenase, lactic dehydrogenase, and alkaline phosphatase (Vallee 195?
as cited by Haramond and Beliles 1980). Zinc is necessary for normal growth
and development. Human dwarfism and a lack of sexual development have
been related to Zn deficiency (Halsted et al. 1974 as cited by Hammond
and Beliles 1980).

There is no evidence that zinc is carcinogenic. Studies which have been
performed on zinc-containing organics failed to demonstrate teratogenic
effects (Stokinger- 1981).

Zinc salts of strong acids are astringent and corrosive. Upon ingestion
they act as emetics, and they can cause symptoms of fever, nausea, vomiting,
stomach cramps and diarrhea.

Zinc chloride is caustic and causes severe and occasionally fatal irritation
of the epithelium lining the trachea and bronchi. Acute interstitial fi'orosis
of the lung occurred in one fatal case following inhalation of ZnCl- smoke
from a smoke generator (Milliken et al. 1963).

•Chronic administration of 0.5-34.4 rag zinc oxide per day for periods of
1 month to 1 year failed to produce signs of toxicity in rats



(Drinker et al. 1927 as cited by Stokinger 1981). In another study, 0.1%
zinc was tolerated in the diet of rats, but more than 0.5% zinc reduced
their capacity to reproduce, and 1% inhibited growth and caused severe
anemia and death (Sutton and Nelson 1937 as cited by Stokinger 1981).

Zinc mitfe -has "been -implicated as -thecause of-metal fume fever in industrial
situations. Typically, brass foundry workers exposed to fumes containing
zinc experience an unusual metallic taste which is accompanied by dryness
and irritation of the throat, with coughing and dyspnea, weakness, pains
in the muscles and joints, and a high fever which is followed by profuse
sweating. Recovery occurs within 24-48 hours after an attack provided
exposure is discontinued. Gastrointestinal disturbances and localized
dermatitis may also occur after exposure to zinc oxide.

3UANTITATIVE DESCRIPTION OF HEALTH EFb'fcXTl'S !

EPA (1984) derived an inhalation reference dose for zinc of 0.7 mg/day
based on the American Conference of Governmental Industrial Hygienists
(ACGIH 1980) recommended time-weighted average Threshold Limit Value (TLV)
for zinc chloride of 1 mg/m . This TLV was adjusted to account for differences
in the likely exposure of worker and nonoccupationally-exposed individuals,
and was divided by an uncertainty factor of 10 to protect individuals in
the general population who might be especially sensitive to the chemical
agent. Dividing this reference dose of 0.7 rag/day by the breathing rate
of the average person (20 m /day) gives a reference concentration for zinc
in air of 35 ug/ra .

An oral reference dose of 14.9 rag/day (0.21 mg/kg/day) was derived by EPA
(1984) based on the occurrence of anemia and reduced blood copper in sane
patients receiving therapeutic doses of approximately 150 mg/day zinc for
extended periods of tine. A safety factor of 10 was used to protect sensitive
individuals.
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APPENDIX PHE-3

ESTIMATED SOIL INGESTION RATES FOR USE IN RISK ASSESSMENTS

SUMMARY

Assessing the risks to human health posed by contaminants present in soil
often requires sane information on likely soil ingestion rates. Several
authors have attempted to estimate these rates, but their estimates were
based primarily on limited information about the amount of soil that people
get on their hands and assumptions about mouthing behavior. However, same
empirical data on soil ingestion rates have recently become available.
These data can be used to derive more accurate estimates of soil ingestion
rates for use in risk assessments. Estimates of the most probable soil
ingestion rates range from 20 to 100 mg/day, depending on the age of the tt
individual at risk. Realistic worst-case estimates unlikely to underestimate
exposure range from 100 to 500 mg/day. A value of 5,000 mg/day is considered
a reasonable worst-case estimate for children with habitual pica.

Exposure is a function of both the quantity of contaminants with which
one comes into contact and the duration of that contact. Therefore, the
frequency of exposure is also important in determining annual exposure
rates and, consequently, the risks posed by contaminated soil. This factor
can only be assessed on a site-specific basis. For sites where residential
areas are contaminated, exposure should be considered to be year-round.
Of course, people in warmer climates will spend more time outdoors and
will be exposed to larger amounts of soil than people in areas that are
covered with snow for much of the year. These factors should be considered
at least qualitatively in assessing exposure. In situations where contact
with contaminated soil is likely to be infrequent, the exposure frequency
should be estimated.



INTRODUCTION

Scientists attempting to evaluate the risks posed by contamination at a
hazardous waste site must generally examine several routes of exposure.
Those usually considered of most concern are:

o Ingestion of contaminated drinking water,

o Ingestion of contaminated fish and shellfish, and

o Inhalation of airborne contaminants.

These are probably the most significant routes of exposure to chemicals
that are mobile in the environment. However, exposure via other routes
may pose significant risks, particularly for contaminants that are quite
toxic but not very mobile (e.g., polychlorinated biphenyls (PCBs), tetra-
chlorodibenzo- £-dioxin (TCDD), and some heavy metals). Exposure parameters
such as liters of water consumed per day or cubic meters of air breathed '
per day have been fairly well defined for the more common routes of exposure.
However, only limited work has been done to estimate these parameters for
other pathways. This paper will address a potentially significant route
of exposure to relatively immobile hazardous materials in contaminated
soil, namely, ingestion.

PREVIOUS ESTIMATES OF SOIL IN5ESTION RATES

Exposure to contaminants via ingestion of soil can occur by inadvertent
consumption of soil on the hands or food items, mouthing behavior, consump-
tion of nonfood items (pica ), or a combination of these routes. Several
authors have attempted to quantify the amount of soil ingested by children.
A review of these studies provides the information needed to derive a rea-
sonable upper limit and a most probable estimate of soil ingestion rates
for children and adults.

Although several authors distinguish between soil and dust in their assess-
ments, the data do not appear to be complete enough to allow this type
of differentiation. In addition, soil commonly makes up a major portion
of indoor dust (Hawley, 1985). Consequently, the term "soil" will be
used in this discussion to refer to soil and dust combined.
2See bottom of next page.



Lepow et al. (1974, 1975} measured the amount of dirt that could be removed
from children's hands using an adhesive label and observed the frequency
with which children mouthed nonfood objects and their hands. The average
age of the children was 4.3 years. The authors measured an average of
11 mg of soil on the children's hands. They observed that a reasonable
estimate TDf-mouthing-frequency is 10" times per day but that this value
may underestimate the number of times children put their hands or nonfood
objects into their mouths. They concluded that 100 mg/day was a raasonable
estimate of the amount of soil ingested by children. They also performed
several calculations using 250 mg as the amount of soil children ingest,
apparently as an upper limit estimate.

Day et al. (1975) estimated that children playing outdoors could collect
between 5 and 50 mg of soil on a sticky sweet. They estimated that children
eat 2 to 20 sweets per day, which would lead to the ingestion of between |
10 and 1,000 mg/day of soil.

Duggan and Williams (1977) attempted to determine the anount of street
dust that urban children ingest daily. The authors estimated the amount
of dust that was retained on the inside of the forefinger and thumb by
rubbing a specified amount of dust between the fingers and reweighing the
dust that was not retained. They ran several tests on different people
and determined that about 4 mg (2 mg per finger) were retained. The authors
then assumed that a child would suck his or her forefinger or thumb 10
times per day and concluded that 20 mg was a reasonable estimate of the
amount of dust ingested daily. Duggan and Williams, (1977) also cited
the estimates of Day et al. (1975) and Lepow et al. (1974) and a value

The term "pica" refers to both normal mouthing with subsequent ingestion
of nonfood items, which is quite common among children at certain ages,
and the unnatural craving for and habitual ingestion of nonfood items.
The latter is an uncommon condition that is generally associated with
medical conditions such as malnutrition, certain neurobehavioral disorders,
and iron deficiency anemia or, less often, with a particular cultural
background. The term "habitual pica" will be used in this paper to refer
to this unusual type of ingestion of nonfood items. The term "pica" will
be used for the normal ingestion of nonfood items common in children at
certain ages.



from Bryce-Smith (1974 as cited in Duggan and Williams 1977) of one-thirtieth
of a gram (derivation unspecified). They concluded that children probably
ingest between 10 and 100 mg of street dust per day and estimated that
the average daily ingestion rate is 25 mg.

'ttahaffey (1977) ̂examined-sources of lead to which children might be exposed.
She reported that the best clinical estimates indicate that children with
pica (nonhabitual) are likely to ingest between 1,000 and 3,000 mg of paint
per week. Assuming that similar amounts of soil are ingested, a child
with pica would ingest between 140 and 430 mg of soil per day.

Schaum (1984) also estimated the amount of soil that children are likely
to ingest. He cited the Lepow et al. (1975) estimate (100 mg/day) and
also reported that habitual pica could increase ingestion levels to as
much as 5,000 mg/day (ChisoLn, 1982 as cited in Schaum, 1984). He deter- |
mined that a range of 100 to 5,000 mg/day was reasonable for use in risk
assessments.

Kimbrough et al. (1984) estimated age-specific levels of soil ingestion
that the authors felt were reasonable yet unlikely to underestimate exposure
(Table 1). These estimates were reportedly based on a study of lead uptake
from contaminated soils.

Hawley (1985) estimated outdoor soil and indoor dust ingestion rates for
three age groups: young children (2.5 years old), older children (6 years
old), and adults. He based his soil ingestion estimate for very young
children on Lepow et al.'s (1975) calculations of the maximum soil intake
(250 mg/day), and his other soil and dust ingestion estimates on assumptions
about the amount of soil or dust likely to collect on the hands and subse-
quently be ingested. Hawley1s (1985) values for daily soil and dust inges-
tion are presented in Table 2; his average daily ingestion rates for soil
and dust combined are also reported.



TfflLE 1

SOIL INGESTION 3Y AGE AS ESTIMATED 3Y
KIMBRQUGI ET AL. 1984

(ing/day)

Age Level

0-9 months 0

9-18 months 1,000

1.5-3.5 years 10,000

3.5-5 years 1,000

Over 5 years 100



TABLE 2

SOIL AND DUST CONmCT RATES AS ESTIMATED BY HAWLSY 1985

Age
Exposure
Route

2.5 year old

Outdoors
(May-Oct.)

Indoors
(May-Oct.)

Indoors
(Nov. -Apr.)

Total

6 year old

Outdoors
(May-Sept.)

Indoors

Total

Adult

Outdoors
(May-Sept.)

Attics

Living space

Total

Medium

Soil

DUSt

DUSt

Soil
and dust

Soil

Dust

Soil
and dust

Soil

Dust

Dust

Soil
and dust

Ingestion
Rate

(rag/day)

250

50

100

164

50

3

24

480

110

0.56

61

Frequency of
Exposure

5 days/wk
for 5 years

Daily for
6 months

Daily for
6 months

Daily

Daily for
5 months

Daily

Daily

2 days/week
for 5 months

12 times/
year

Daily

Daily

Conments

Based on Lepow et
al. (1975) study

Assumes ingestion
of dust on inside
of hands

Assumes ingestion
of half the dirt
on fingers

Assumes ingestion
of dust on inside
of hands

Assumes ingestion
of dirt while
smoking

Assumes ingestion
of dirt on surface
of hands while in
dusty attic



The first empirical data on soil ingestion ratas ware recently collected
by Binder et al. (1985), who measured soil ingestion by children 1 to 3
years old using a method previously employed to measure soil ingestion
by ruminants. The trace elements silicon, aluminum, and titanium, all
of which are present at high concentrations in soil and none of which are
-absorbed•by humans, -were measured in the soil and in stool samples from
59 children 1 to 3 years old. The concentrations of the elements in the
soil and in daily fecal samples were then compared to estimate daily soil
ingestion. The authors used several assumptions in their calculations.
Two of these, that dietary intake of the elements was negligible and that
fecal weight was 15 g (and not the 7 g they measured) would lead to an
overestimation of soil ingestion rates, possibly by a significant amount.
Their assumption that the elements were entirely unabsorbed might lead
to a slight underestimation of exposure. They attempted to determine the
likely qualitative effects of each of these assumptions but could not esti-|
mate the magnitude of any potential effect.

The arithmetic means of the soil ingestion levels that were estimated using
two of the elements, silicon and aluminum, were in general agreement (184
vs. 181 mg/day), while the mean value reported for titanium (1,834 mg/day)
was an order of magnitude higher (Table 3). It appears likely that seme
other source of titanium in the diet was responsible for the high mean
value. Therefore, the values reported for silicon and aluminum—approxi-
mately 180 mg/day—are probably more accurate. As noted above, the effect
of the various assumptions on the reported values has not been quantified.
However, it seems likely that the values overestimate soil consumption
by the average child.

ESTIMATION OF SOIL INGESTION RATES

Soil ingestion can occur at any age but is most prevalent in young children.
Baltrop (1966 as cited in Mahaffey, 1977) reported that over 75% of children
1 to 3 years old mouthed objects and that 35% ingested them. The author
also noted that the prevalence of these activities decreased with age;
only 33% of children 4 to 5 years old mouthed objects, and only 6% had pica.



TABLE 3

SOIL INGESTION 3Y CHILDREN 1 TO 3 YEARS OLD AS
ESTttiATED BY 3INDER ET AL. 1985

(rag/day)

Estimation
Method3

Aluminum

Silicon

Titanium

Arithmetic
Mean

181

184

1,834

Geometric
Mean

128

130

401

Standard
Deviation

203

175

3,091

Upper 95th
Percentile

584

578

9,590

aln other words, elements upon which estimates are based.

SOURCE: Binder et al., 1985



Mahaffey (1977) further reported that other estimates indicate that approximately
one-half of all children 1 to 3 years old have pica. Mahaffey and Annest
(1985) reported that pica is most prevalent in children 6 months to 3 years
old, and it is significantly more common in children from lower income
families.

The estimates of soil ingestion levels reported in previous studies are
summarized in Table 4. Reasonable estimates of soil ingestion by chil-
dren can be derived from this information. To ensure that risk assessments
based on these estimates do not underestimate risk, we will also calculate
upper confidence levels.

The Binder et al. (1985) study is the only paper that presents clearly
empirical data. Therefore, it is appropriate to use this study as the
basis for estimating soil ingestion levels. The authors reported an average
intake of 180 ing/day of soil (after excluding the results based on titanium:
levels) for children 1 to 3 years old. The standard deviation was approx-
imately 200 mg/day, and the 95th percentile upper confidence limit was
530 mg/day. Binder and her colleagues assumed that none of the elements
came from the normal diet, which, as mentioned above, is likely to lead
to an overestimation of the amount of soil ingested. Consequently, a value
of 500 mg/day, which is around the 95th percentile upper confidence limit
of the arithmetic mean values reported, would appear to be a conservative
yet reasonable estimate of soil ingestion for children 1 to 3 years old.
As noted above, older children are less likely to exhibit pica. However,
Lepow et al. (1974, 1975) observed children 2 to 6 years old mouthing objects,
and it is probably reasonable to use this value of 500 mg/day as a worst-
case estimate of'soil ingestion for children 1 to 6 years old. A value
of 100 mg/day, which is near the geometric mean of Binder et al.'s (1985)
data, appears to be a reasonable estimate of the most probable ingestion
rates.

Children less than 1 year old are not likely to oome into direct contact
with soil regularly. However, very young children may be exposed to con-
taminated house dust. No specific information is available on ingestion



TABLE 4

ESTIMATED LEVELS OF SOIL INGESTION
REPORTED IN THE LITERATURE

(nig/day)

Reference

Lepow et al.,
1974, 1975

Day et al., 1975

Duggan and
Williams, 1977

Age

4.3 years
(mean)

Children
1-3 years

Children
2-6 years

Level

100

10-1,000

25

Continents

Based on observations
of mouthing behavior;
(see text)

Based on ingestion
of soil on candy

See text

Mahaffey, 1977

Schaum, 1984

Kimbrough et al.,
1984

Hawley, 1985

Binder et al.,
1985

1-3 years

2-6 years

0-9 months
9-18 months
1.5-3.5 years
3.5-5 years
Over 5 years

2.5 years
6 years
Adults

1-3 years

140-430

100-5,000

0
1,000

10,000
1,000

100

164
24
61

180+200

Based on estimate oft
paint consumption by
children with pica

See text

Based on study of
lead exposura; prob-
ably overestimates
risk

Based on estimated
ingestion of both
and dust; see text

Based on measurement
of trace elements;
see text

10



of dust by children in this age group, and we suggest a value of half the
previous value, or 250 rag/day, as a reasonable, worst-case estimate
of ingestion levels. Similarly, 50 mg/day is probably a reasonable estimate
of the most probable ingestion rate for children in this age group.

No empirical information on older children was available. Mahaffey (1977)
reported that mouthing decreased in most children more than 4 years old.
It seems reasonable to assume that almost all children 6 to 11 years old
would have reduced their soil ingestion by at least 50%. Consequently,
we suggest that 250 mg/day is a worst-case estimate and 50 mg/day, a most
probable case estimate of soil ingestion by children in this age group.

For children more than 11 years old and adults, the value of 100 mg/day
recommended by Kimbrough et al. (1984) appears to be a reasonable, worst-
case estimate of daily soil ingestion. Based on Hawley's (1985) assumptions,
50 mg/day appears to be a reasonable estimate of the most probable ingestion
rate for people who have frequent hand-to-raouth contact (e.g., smokers)
or who are in direct contact with contaminated soil (e.g., construction
workers, gardeners). A value of 20 mg/day appears to be a reasonable esti-
mate of the most probable soil ingestion rates for adults who are not smokers
and do not regularly engage in outdoor activities.

As noted earlier, certain individuals exhibit pica habitually, i.e., they
eat nonfood items regularly, even daily. The values for soil ingestion
reported above may underestimate exposure for people exhibiting this type
of behavior. The upper limit on soil ingestion of 5,000 mg/day recommended
by Schaum (1984) probably is a reasonable, worst-case estimate of soil
ingestion by a person with habitual pica.

Our estimates of soil ingestion by persons in different age groups are
presented in Table 5. These values fall within the range of soil inges-
tion levels suggested by Schaum (1984) but are generally lower than the
values presented by Kimbrough et al. (1984). However, it should be noted
that these estimates are in general agreement with the estimated levels
of soil ingestion presented in Table 4. Consequently, we feel that these
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TfflLE 5

ESTIMATES OF SOIL DIGESTION RATES

Age

0-1 years

1-5 years

6-11 years

Over 11 years

Average
Weight3

(kg)

10

15

30

70

Worst Caseb
(mg/day)

250

500

250

100

Mast Probable
Case

(mg/day)

50

100

50

50C

1985

This does not include individuals who exhibit habitual pica.
For them, the upper value presented in Schaum (1984) of 5,000
mg/day would be more appropriate.

CA value of 20 mg/day is probably a more reasonable estimate
of soil ingestion rates for adults who do not exhibit frequent
hand-to-mouth activity (e.g., most nonsmokers) and do not regu-
larly engage in outdoor activities.
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values are reasonable estimates that are unlikely to underestimate soil
ingestIon levels. Therefore, they are unlikely to lead to any underesti-
mation of exposure via this route.

ESTIMATION CF EXPOSURE FREQUENCY

Several authors estimated the frequency of exposure to soil. Kimbrough
et al. (1984) assumed that people would only ccrae into contact and ingest
soil for 6 months each year. Schaura (1984) noted that the ground is frozen
for an average of 118 days/year in the coldest parts of the United States,
while in other parts, people can cone into contact with outdoor soil year-
round. He therefore determined that exposure could occur for anywhere
between 247 and 365 days/year. Hawley (1985) noted that people are likely
to be exposed year-round to soil, both outdoors as soil and indoors as
a major component of dust. Consequently, a reasonable, worst-case assumption
appears to be that people come into contact with and ingest soil year-round.

Clearly, site-specific factors should be considered if in estimating likely
contact and ingestion rates. It usually is not possible to determine the
effect of these factors on the rates of exposure to soil quantitatively.
However, any site-specific factors (such as climate) likely to affect the
frequency of exposure should be addressed qualitatively.

This discussion of exposure frequency only applies to inhabitants of contaminated
residential areas or to people living immediately adjacent to a source
of contamination. In the case of people (children or adults) who infrequently
use a contaminated area, a site-specific estimate of the frequency of exposure
must be derived.

CONCLUSION

No single value will accurately reflect daily soil ingestion rates for
all individuals. Too many factors can influence contact with soil and
consequently affect the quantity of soil ingested. However, risk mana-
gers often need to estimate average soil ingestion rates in order to assess

13



potential exposure to soil-bound contaminants. The values for soil ingestion
rates presented in this paper have been derived using the best information
currently available. As such, they provide reasonable, yet conservative
(unlikely to underestimate exposure), estimates for use in the risk assess-
ment process.
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